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DESCRIPTION OF PILATE I

Pig. 1. Blood from Case No. IV showing polymorpho-nuclear
leucocytes. Pilm fixed by heat: Ehrlich's tri-

acld stain.
Fig. 2. BSame Case - showing polymorpho-nuclear leucocytes,

lymphocytes and large mono-nuclear cells. Film
,‘ . . .

fixed by heat: Ehrlich's triacid stain.
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DESCRIPTION OPF PLATE 1II

- e A - - .-

Fig. 1. Biood from Case No. IV showing eosinophiles. Pilm

fixed by heat: Ehrlich's triacid stain.

?ig. 2. Blood from'a fatal case (Case No. VIII) showing
ﬁolymorpho—nuclear corpuscles; one of which is
vacuolated, lymphocytes, and large mono-nuclear
cells. No eosinophiles. Film fixed by heat:

Ehrlich's triacid stain.
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AN INVESTIGATION into the leucocy-

tosié of Typhus PFever, with Obser-
pEmTOTATL o vatiqnsfcn'thé Changes present in
.f“yéﬁfyf : C .the'Bone Marrow, Spleen, and

Lymphoid Tissues

The physiological importance of the white blood corpuscles has for

sqmé timb been fully recognised, but the significance of the changes

’

presented by these in various pathdiégidal,cpnditions has been the:

subject of the most recent researches only.

The result of these investigations has been the discovery of

many intéresting phenomena connected with the leucocytes, and more

especiglly of the condition known as leucocytosis.'

These'discoveries have led to the publication of a great,ngunt
of literature on hematology, and'tb'the evolution of a number 6f
theories which seek to explain.the.significance of this symptom.

The two best known of thesevwhich”dégi'wlth,this point are those
of Phagocytosis and Chemiotaxis,,édiénéngby ﬁétschnikoff and Preffer

respectively.

Metschnikoff's theory is to tﬁe effect that the leucocytes de-

| fend the organism against bacterie by imprisoning them by the aid of
their pseudopodia, taking them up into their substance, and so de-

priving them of the power of injuriously affecting the surrounding
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tissues, whilst the principle of chemlotaxis promulgated by Pfemf?r
asserts that bacteries, or rather their metabolic products, are able
to attract by chemical influence the cells stored up in the blood-
forming orgens, and so increasing the number in the blocd stream
(positive chemiotaexis); in those cases, on the other hand, in which
there is a reduction in the number of leucocytes in the blood, this
phenomenon results from a repulsive action on the leucocytes display-
ed by the chemical bodies mentioned (negative chemiotaxis).

Por the purposes of this thesis it is sufficient to mention here
that these theories have a distinct bearing on the subject under in-
vestigation, a connection which will be discussed in detail later.

Many observations on the clinical importance of leucocytosis in
jnfectious diseases and their various stages have been accumulated
and published. Some of these are inccmplete, while other published
results deal with only one or two cases, or merely with isolated ob-
servations made st different stages of the disease.

If errors are to be avoided, it 1s necessary to collect a large
series of general observations, made at regular intervels, and
throughout the whole course of the disease, as the most far-reaching
and erroneous conclusions on the genersl pathology of the blood have
sometimes been deduced from the investigation of & single case. As
an illustration of this statement, Troje's paper may be mentioned
(Uber Leukemie und Pseudoleukemis, Berl. Klin. Woch. 1892, No. 12).
In this publication he failed to recognise the lymphocytic character
of the case of leukemia he dealt with, and, believing it to be one
of myelogenous origin, this observer denied and completely reversed

all that had been previously established by others with reference to
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this disease.

A second illustration will be found in the paper by Tumas, giv-
ing the results of an investigation into a single case of typhus
fever. These results have since been adopted as the standard of the
blood condition in that disease, and are now quoted in all works on
hematology.

An attempt will be made In this thesis to show that the general
conclusions deduced from so limited an observation are wholly errone-
ous.

The literature dealing with the condition of the blood in typhus
fever is very limited, indeed only four references are available in
either the older or more recent works on hematology.

In one case observed by Tumas (Arch. f. Klin. Med., vol. 41,

p. 363), and in four cases observed by Ewing of New York (Clin. Path.
of the‘Blood 1901), no leucocytosis was found, whilst in the cases
observed by Everard and Demoor (Annales de l'Institut Pastar 1893),
and by Wilks (Sajous Annual 1895), leucocytosis was present. |

An analysis of Tumas' paper suggests that the case he discusses
was not really one of typhus, but one of enteric fever, and the ac-
companying temperature chart drawn from his figures supports this
suspicion, sc that this case may, for our present purpose, be disre-
garded.

BEwing, in his work on the clinical pathology of the blood, says,
"In four cases the writer found between 5,000 and 9,000 leucocytes.
"The patients were adults, tpe examinations were made during the high
"fever of the early period of the disease, and at least two of the

"patients died." This somewhat general statement is all the informa-
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tion that this author offers on the subject. He examined four cases,
and these only during the early period of the disease, so that his
conclusions mey also, to a certain extent, be disregarded.

In the short paragraph devoted to typhus fever in "Cabot", a
reference is given to an article by Eversard end Demoor in the "An-
nales de 1l'Institut Pasteur" February 1893, stating that these ob-
servers found leucocytosis present In typhus fever, but, although
careful search was made throughout this article, no mention whatever
of typhus blood could be found. 1In the British Medical Journal
(December 1883), there is an article by Mott of London, and Blore of
Liverpool on ﬁuicro-organisms in Typhus Pever". These observers make
a statement in the course of their article which is of great import-
ance in its bearing on the present subject. They say, "Another fact
"noted about the blood was a great Iincrease of the white corpuscles".
We are thus practically without any detailed and accurate literature
on the subject of leucocytosis in typhus fever.

A few lsolated observations made by myself in the city of
@lasgow Fever Hospital, Belvidere, led me to form the opinion that
leucocytosis is present in typhus fever, and the occurrence of a lim-
ited epidemic in Glasgow in the autumn of 1902, afforded an opportun-
ity of making more extended observations, with which I now propose
to deal.

In the first few cases, the observations were limited in their
range owing to the fact that the patients were admitted to hospital
only after the disease was well advanced, but, in the later cases,
as a result of the precautions of the Sanitary Authorities, which en-

abled them to remove patients into hospital on the first appearance
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of symptoms, it was possible to carry on the observations on the
blood from the first day of 11lness ti1l the termination of the at-
tack.

In carrying out the routine observations, and with the object
of limiting, as far as possible, errors resulting from physiological
leucocytosis, two examinations of the blood were made daily - the
first between 11 a.m. and 12 noon, and the second between 8.30 p.m.
and 9.30 p.m. The leucocytes were counted both morning and eﬁening,
the redlcorpuscles in the morning only.

The blood was usually taken, without pressure, from the lobe of
the ear, but occésionally it was found more convenient to collect it
from the finger. Films were prepared at the same time for fixing
and staining. Por the estimation of the corpuscles the Thbma—Zeiss
Heﬁzpytometer was used. PFor diluting the blood in estimating the
number of red cells, the fluld recommended by Gowers, composed of
sulphate of soda, acetic acid, and water was mostly employed, but
occasionally Toisson's fluid, consisting of chloride of sodium, sul-
phate of soda, methyl violet, glycerine, and water was substituted.
The former of these was found, a&s a rule, the more suitable.

In estimating the red corpuscles, the average number of squares
counted was 128; in many cases this was done two or three times in
order to ensure accuracy. For the same reason, several estimates of
the white cells were made, care being taken to secure uniformity of
dilution by frequently agitating the contents of the pipette, and by
carrying out each observation as expeditiously as was consistent with
accuracy of result. The diluting solution used in counting the white

corpuscles was 3% solution of acetic acid tinged with methyl blue.
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The films of blood were allowed to dry in the air, fixed by heat, and
stained with Ehrlich's triacid stain. In fixing, an oven was employ-
ed, éo that the temperature might be accurately regulated. The best
results were obtained by fixing at a temperature of 115°C., maintain-
ed for forty minutes.

In the course of the present investigation into the condition
of the blood in typhus fever, 670 counts of the white corpuscles,
and 270 counts of the red corpuscles were made, while 333 differen-
tiel leucocyte counts were made from stained films, and a number of
samples of fresh blood without preparation were also examined. The
patients examined were male and female sdults, adolescents, and young
children, soc that the results indicate the influence both of sex and
age upon the leucocytosis, and the condition of the red cells.

The characters of the serum were likewise investigated so far,
at least, as its power of causing agglutination of the typhoid bacil-
lus and allied organisms is concerned, and it is proposed to include
the results of these last observations in the discussion.

Finally, 1t may be stated that the results were frequently
checked by my colleagues in hospital, as well as by the expedient of
making estimates of the same blood both with the pipette used for
the red cells, and with that used for the leucocytes. In the differ-
entiation of the leucocytes, an average of 400 was counted in each

stained film, and for this purpose the mechanical stage was employed.
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For the sake of simplicity, it has been thought best to divide
the cases into two groups, the first of which includes &ll the fatal
cases, and the second all those that recovered. The former group
comprises 9, and the latter 17 cases.

or thé fatal cases 8 were females, their ages ranging from 1%
to 56 years; the remasining fatality occurred in a male, aged 45
years. Of those who recoversed, 7 were females, their ages ranging
from 6 to 22 years, whilst 10 were males with ages ranging from
6 months to 61 years,

The bloocd condition in typhus, &s in other diseases, can be
profitably studied only when taken in association with the other
clinical conditions present in the case, and it has, therefore, been
thought advisable to present a short clinical sketch of each case,
including its progress and result, with a chart of the differential
estimates of white and red cells. The more general conclusions and
eitended tables will be left for later discussion.

Thg nomenclature employed in the text is that adopted by Ehrlich
80 that the terms Polymorpho-nuclear, Large Mono-nuclear, Lymphocyte,

and Eos¢nophile are used in their familiar signification.



GROUP I - FATAL CASES

CASE 1. Mrs. A., aet. 36, was admitted to hospital on 15th
October 1902, having been ili for twelve days. On admissiocn her
temperature was 104.6° P., pulse rate 134, and respirations 36 per
minute. | | |

She was very 111 and delirious. Her scalp, face, and skin gen-
erally presented a dusky appearance; her conjunctivae were suffused,
and her pupils contracted. The tongue was dry, brownish red in col-
our, and lightly fissured. The pulse was weak and thready. Over
the t?unk and limbs there was a fairly profuse typhus eruption, the
mulberry spots being fixed, and best marked on the abdomen, and down
the outer sides of the thighs. On the back of the head and on the
right buttock respectively there was a patch of subcutaneous hemorrh-
age about the size of a florin.

There was some fine tremor of the hands, and marked subsultus
tendinum.

Exemination of the chest revealed no organic disease of the
heart, but snoring rhonéi were heard all over the lungs, and a few
sub-crepitant rfles at toth bases behind.

She gradually sank, and died on the morning of 17th October,
about 30 hours after admission to hospital.

Only one leucocyte estimation was possible, and it gave 8,000

cells per c.m., & condition practically normel, and indicating but



FATAL, CASES Contd.

little or mno reaction on the part of the blood-rorming organs to the
toxine of the fever. XNo dirferehtial.count waé méde. Unfortunately,

a post-mortem examination was not permitted.
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CASE NO. 1. Mrs. A. (aet. 30) admitted to hospital on eleventh
day of 1llness. Died on the thirteenth day of 1llness.

- e A T - e e S e e G S e M- w L e e Gm W dm e S e e G G D G e ED e O G A W

Date Day of Temperatures Leucocytes

Oct. IYllness M E
16 12 105. 103.8 8,000
Nt 2



EXPLANATION OF CHART

L N L )

Leucocytes ‘ - in Black

- Temperature in Red



107°
106"
105
104°
103"
102"

101"

98+

Day OF
Disease.

Chart I

tt



11
FATAL CASES Contd.

CASE 2. Matilda A., a daughter of the first patient, aet. 1%
years, was admitted to hospital on 20th October 1902. She had been
in the reception house as a "Contact" whence, her temperature having
risen, she was removed to hospital.

6n admission, her temperature was 101° F., pulse rate 184, and
respirations 28 per minute. There was a faint erythema on her trunk,
but no other rash. The heart was normal, and in the lungs a few
wheezing rhonclionly were heard. No typhus spots appeared during
the course of the illness. The crisis occurred on the eleventh day
of illness, but the child did not rally, and the temperature fluctu-
ated between 99° F., and 102.8° F., until 4th November when the pa-
tient died, that being the seventeenth day of illness.

Post-mortem examination revealed small patches of pneumonic con-
solidation at the upper part of the lower lobe of the left lung, with
smaller masses scattered throughout the upper lobe. The heart muscle
" was pale, and the liver markedly fatty. The other organs were ap-
pé.rently normal.

Blood counts were commenced in this case on the sighth day of
illness, and continued until death. The chart shows a fairly steady
rise in the leucocytes up till the eleventh day of illness, then a
fal} of several thousands, a period of 24 hours, during which there
was little change, and finally coincidently with the crisis, a steady
rise to over 12,000, at which they remained practically stationary

until death. This chart cannot be considered typical, as the lung
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FATAL CASES Contd.

complication must have, %o a certaln extent, influenced the leucocy-

oz

tosis. ‘The rise in the ﬁumber ofhleucoéytés dufihg thé drisis is
peculiar, and in nearly every other case oxamined, the reverse was

found, notwithstanding the complications.
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CASE NO. 2. M. A. (aet. 13%) admitted to hospital on first
day of 1llness. Died on the seventeenth day of 1liness.

— - —— = e e R e G e e Wh e G G Em e e 6 A TR e M L GL R WS G N A W e e W G e e e

Total No. of

'Date Day of Temperatures L,eucocytes
Oot. Illness M E M B
27 8 10;.6 £ 102.2 ¢ 5,000
28 9 102.6 101.2
29 10 102. 102.4 2,400 6,700
30 11 99.8 100.8 3,200 10,600
31 12 100. 101.6 3,600 4,000
Nov.
1 13 101.8 101.4 3,800 6,600
2 14 98.6 100.6 12,300 12,000
3 15 100.4 101 8,400
5 17 - 99. 101 '+ 12,600



EXPLANATION OF CHART

- ow or - - -

Leucccytes . in Black

Temperature ' In Red
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FATAL CASES Contd.

CASE 3. Theresa A., ast. 3, another daughter of the first pa-
tient, was’admitted from the reéeption house on 24th October 1902.

Her temperature had risen on the previous night to 99.6° F.,
an&, on admission to hospital, it had reached 103.6° P., pulse rate
136, and respirations 44 per minute. The heart énd lungs were nor-
mﬁl. The patient looked very 1ll, and became gradually worse.

on 27th October (fifth day of illness), a typical typhus rash
appeared on the thighs, developing rapidly over the body during this
and the following days. From this time she gradually sank, and died
on the evening of 6th November, that being her fourteenth day of 1ll-
ness.

Post-mortem examination revealed pallor of the cardiac muscle,
hyperemia of both lungs, a fatty liver, and an enlarged hyperemic
spleen.

In this case, a marked and progressive increase in the leuco-
cytes towards the crisis was ngted, and is well shown in the accom-
panying chart. It will be seen also from the chart that it was the
polymorpho-nuclear variety mainly which contridbuted towards the in-
crease, that there were no eosinophiles, and that the red corpuscles,
which showed a gradual diminution towards the elsventh day, rose
numerically about the time when the crisis might have been expected;
This was a typical case of typhus without complications, dying about
the period of crisis, and 1t is a noteworthy and interesting fact
that examination of the fresh blood, immediately before death, showed

degeneration and fragmentation of the red blood corpuscles.



OASE NO. 3. T. A. (aet. 3) admitted to hospital on second day of 111-

ness.

- -
-—-——--»—--—-————-—_----_-_-—_--—--—-———-.——-‘—b-.._..--.-.—_..s--—.--—-.-—— -

Date Day of

Oct.

Illness

15

Died on the fourteenth day of 1llness.

Large Mono
Nuclear Cells
per cent.

B et e e

Total No. of
Tieucocytes
M B

...-.-——--——-———-_-—.._—---—--—_--..---—-———-----_-_-------_——--—-—--——--—-- - - - v W SR S E A e - e -

26
27
28
29
30

31
Nov.

xR b+ G

The following are the Absolute Numbers of the different varieties of

26
27
28
29
30
31

Nov.
1

o o D

14

Temperatures
M E
103.2%¢ 105°¢
1083. 105.

103.2 104

104. 104.6
102. 104.2
103. 104.6
102.4 104 .4
103.2 104.2
103.4 104.

105. 105.8
105.4 105.4

Polymorpho
Red Cells Nuclear Cells Lymphocytes
per cent. per cent.
5,600,000
4,400,000
3,900,000 64.9 21.6
4,200,000
3,840,000 75.9 ,15’5
3,760,000
6,100,000 85.7 8.5
5,905,000
5,870,000 81.5 11.3

Leucocytes calculated from the above

4

© ©® X o &

10
11
12

13
14

103.2°¢
103.
103.2
104.
102.
103.

102.4

103.2
103.4

105 Y ':»:
105.4

105°¢

105.

104.
104.6
104.2

'104.6

104 .4 5,313

104.2
104. 8,056

105.8

105.4 9,780

4,151

1,382

1,085

799

1,356

13.5
8.6
5.8

7.2

864
602

545

964

4,800
3,600 2,000
3,600 4,800
6,400 7,000
7,000 9,400
9,400 6,600
13,600 14,ooo':
7,400 15,400
12,000 13,200

3,100

4,800 3,600

3,600
3,600
6,400

7,000
9,400

2,000
4,800
7,000

9,400
6,600

13,600 14,000

7,400 15,400
12,000 13,200



EXPLANATION OF CHART

Red éorpuscles

Total Number of Leucocytss
Polymorpho-nuclear Leucoccytes
Large Mono-nuclear Leucocytes
iymphocytes

Temperature Chart

in

in

in

in

in

in

Red
ﬁlack
éreen
fiolet
éiolet

Red
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FATAL CASES Contd.

CASE 4. Mrs. S., aet. 35, was admitted to hospital on Brd
November 1902, with a history of having been sick for about ten days,
and delirious for two. She was extremely i11, and had a profuse
fixed typhus rash over the body, with patches of subcutaneous hemorrh
age on the buttocks and back of the neck.

Her temperature was 104.8° F., pulss rate 136, and respirations
32 per minute. The patient gradually becams worse, and died on the
evening of her fifteenth day of illness, the day following the crisis

The accompanying chart shows no leucocytosis whatever, the cor-
puscles ranging within normal 1limits during the short period of the
patient's residence in hospital. This is possibly due to the fact
that the patient was s0 saturated with the poison of the fever that
there was no reaction until jmmediately before death, when a slight
ante-mortem rise occurred.

Here it will be again noted that there were no eosinophiles,
and that the polymorpho-nuclear elements were the principal partici-

pators in the rise and fall of the leucocytes.



CASE NO. 4.
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Polymorpho

illness.

Date Day of

The

© ® <X o A P+ &N

Illness

11
12
13
14
15

Died on the fifteenth day of 1llness.

Temperatures

E

104.8°%¢ 105°¢

104
103.8
103.8
103
102.4
98.4

105
103.8
102.6
102.6
101.6
98,6

17

Mrs. S. (aet. 33) admitted to hospital on ninth day of

Large Mono

Red Cells Nuoclear Cells Lymphocytes Nuclear Cells

3,335,000
3,260,000
4,260,000
5,400,000
4,170,000
4,070,000
4,650,000

86
82.2
8l1.2

following are the absolute numbers of the different varieties

of Leucocytes ocaloulated from the above

9
10
1n
12
13
14
15

104.8%°¢ 105%¢

104
103.8
103.8
103
102.4
98.4

105
103.8
102.6
102.6
101.6
98.6

2,558

7,052
3,617
3,573
4,704
7,056

per cent. per cent.
11.1 7
13.5 5
12.9 4.9
16.2 2.6
13.4 2.6
5 11
322 20
1,107 41
567 216
713 - 114
750 146
420 924

P .

Total No. of

Leucocytes
M E
2,900
7,200 6,600
8,200 5,200
4,400 7,400
4,400 5,800
5,600 6,600
8,400
2,900
7,200 6,600
8,200 5,200
4,400 7,400
4,400 5,800
vs,soo 6,600
8,400



EXPLANATION OF CHART

P e it

Red éorpuscles

Total ﬁumber of Leucocytes
Polymorpho-nucleér Leucocytes
Large Mono-nuclear Leucdcytes
Lymphocytes

Temperature Chart
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FATAL CASES Contd.

CASE 5. Nellie S., aet. 9, a daughter of the last patient, is
a case of great interest. She'was admitted on 9th November 1902 from
the reception houss. Her temperature had risen slightly on the prev-
jous night (8th), and on admission %o hospital it was 99.80 P., pulse
rate 100, and respirations 24 per minute.

This case is interesting from the fact that, during the course
of her illness, she developed an acute gangrenous condition with
destruction of the upper part of the right lung, a complication which
apparently but little influenced the number of her leucocytes, and
also from the fact that she came under observation on her second day
of illness.

When admitted to hospital she did not seem very 111, and was a
well nourished and healthy looking child. Examination of her chest
revealed nothing abnormal. The typical typhus eruption appeared on
15th November, that being her eighth day of illness if the onset is
calculated from the first slight rise in temperature, or her fifth
day of illness if the onset be estimated from the sudden rise of tem-
perature to 101.4° P., on 11lth November. She gradually became worss,
and signs of consolidation were detected in her right lung on 19th
November; this rapidly broke down, and signs of cavity were soon ap-
parent. Rapidly becoming worse, she died on 29th November about mid-
night.

Post-mortem examination revealed consolidation of the upper half

of the superior lobe of the right lung, with a cavity in the centre
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FATAL CASES Contd.

of the solid portion about the size of a walnut. The diseased lung
emitted a gangrenous odour. The spleen was enlarged and hyperemic.
The left lung and other organs were normal.

An examination of the accompanying chart reveals certain points
of interest, viz., great variations in the morning and evening leuco-
cyte counts, with a steady increase towards the crisis, which oc-
curred on 19th November (twelfth day of illness), thereafter a slight
variation for two or three days, followed by a steady fall to normal,
and again a striking ante-mortem rise immediately before death. Once
more it will be observed there were no eosinophiles, and that the
polymorpho-nuclear leucocytes were the cells which varied most. The
red corpuscles also participated in the rise towards the crisis, but

fell immediately after, rising again, however, before death.
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EXPLANATION OF CHART
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FATAYL CASES Contd.

CASE_G. Mrs. E., aet. 56, admitted on 13th November 1902 from
the reception houss. Thié patient was a "contéct", and her tempera-
ture,_wbich on the night previous to admission (12th) had risen to
100.4° ., was found to be 103° F. on the afternoon of the 13th.

On admission to hospital ﬁer temperature was 98.4° 7., ﬁulse
rate 92, and respirations 24 per minute. Patient looked and felt ab-
solutely well, and on physical examination nothing ébnormal was de-
tected in any of the organs. On 18th November mottling of the skin
was noticed, and on the following day the typical typhus eruption ap-
peared. She became much worse on the 21st, gradually sank, and died
on 23rd November, her twelfth day of illness.

?ost-mortem examination disclosed a flabby pale heart, an en-
larged and diffluent spleen, and extensive sub-mucous hemorrhages in
the intestinal tract.

In this case it will be observed there was a gradual rise in
the number of leucocytes as the crisis approached, with a more rapid
increase on the morning of the day preceding death, and a very strik-
ing decline in numbers in the evening. The ante-mortem rise was very
slight.
| In this as in the preceding cases, no eosinophile corpuscles
were found, and the leucocytosis was due mainly to increase in the
polymorpho-nuclear cells. The presence of an increase in the number
of red corpuscles throughout, over 8,000,000 per c.m., is very strik-
ing. These numbers appeared so remarkable that repeated estimates

woere made to verify them.
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Mrs. E. (aet. 56) admitted to hospital on second day of

Died on th§ twelfth day of 1illness.

CASE NO. 6.
illness.

Polymorpho Large Mono Total No. of
Date Day of Temperatures Red Cells Nuclear Cells Lymphooytes Nuclear Cells Leucocytes
Nov. Illness M E per cent. per cent. per cent. M E
14 3 100°¢  102°f 5,310,000 74.8 18.4 6.8 13,000 15,800
15 4 101.4 101 8,830,000 84.3 13.6 2.3 8,600 9,800
16 5 102.4 104.2 8,070,000 81.3 13.7 S 9,000 16,000
17 6 104.4 101.4 8,260,000 79.3 12 8.7 13,400 12,400
18 7 103 104.2 84.3 5.7 10 13,200 18,600
19 8 102.2 103.2 7,800,000 86.9 6.7 6.4 12,800 17,000
20 9 103.2 102.6 8,500,000 90 5.2 4.8 36,400 18,000
21 10 104 103.2 7,070,000 85.1 5.2 9.6 18,600 28,600
22 11 102.2 103.2 78.1 11.7 10.1 54,400 23,600
23 12 104.4 105 8,700,000 90 4 6 23,600 26,400
The following are the Absolute Numbers of the different varieties of
Leucooytes caloulated from the above
14 3 100°¢  102°¢f 9,724 2,492 884 13,000 15,800
15 4  101.4 101 7,250 1,170 180 8,600 9,800
16 5 102.4  104.2 7,318 1,232 450 9,000 16,000
17 6 104.4  101.4 10,626 1,166 1,608 13,400 12,400
18 7 103 104.2 11,128 752 1,320 13,200 18,600
19 8 102.2  103.2 11,123 858 819 12,800 17,000
20 9 103.2  102.6 33,760 1,893 1,747 36,400 18,000
21 10 104 103.2 15,829 967 1,804 18,600 28,600
22 11 102.2  103.2 42,486 6,419 5,495 54,400 23,600
25 12 104.4 105 21,240 944 1,416 23,600 26,400
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FATAL CASES Contd.

CASE 7. Mrs. @., aet. 36, was admitted to hospital on 19th
November from the reception hbuse, to which she had been admitted
after having been i1l in her own house for two or three days. Her
temperature on the night previous to admission was 100.6° F., and on
the day of admission 100.8° P., her pulse rate was 112, and respira-
tions 24 per minute. On the day after admission to hospital, the
typical typhus eruption appeared. APhysical examination of her chest
revealed nothing abnormal. She gradually became weaker, and died on
1st December, her sixteenth day of illness, shortly after the temper-
ature had dropped to near normal.

The same conditions with regard to the leucocytes prevall here
as in the other fatal cases - a gradual rise in the number as the
erisis approached, a marked fise immediately before or at the crisis,
and a fall during or immediately after, with a distinct ante-mortem
rise. Again, no eosinophiles were present, and the polymorpho-nu-
clear corpuscles predominated. It will be noted also that the num-

ber of red corpuscles was fairly high throughout.
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CASE NO. 7. Mrs. G. (aet. 36) admitted to hospltal on fourth day of

illness. Died on the fifteenth déy of 1llness.

: Polymorpho Large Mono- Total No. of
Date Day of Temperatures Red Cells Nuclear Cells Lymphooytes Nuclear Cells Leucooytes
Nov. Illness M E per cent per oent. per cent. M E
20 5 99.8°¢ 103.2°f 4,670,000 88 8.0 4 6,200
21 6 103.2 104.4 6,050,000 89.7 5.8 4.5 8,000 5,400
22 7 101.8 104.4 5,500,000 89.4 4.7 5.9 6,800 6,800
23 8 103 105 5,650,000 89.9 4.5 5.6 4,000 8,800
24 9 102.2 104.2 8,400,000 82.8 1.4 5.8 10,200 11,800
25 10 103.4 104.4 6,850,000 93 7 17,400 15,200
26 11 104 104.2 6,450,000 93 7 15,800 16,200
27 12 103 101.2 5,700,000 90.2 1.2 8.6 20,000 35,000
28 13 101.4 102.2 7,950,000 90.1 2.7 7.2 32,000 31,000
29 14 100.2 100.2 7,050,000 92.9 .6 6.5 17,000 13,700
30 15 103.2 104 6,900,000 - 92.8 4 6.8 23,800 25,800
The following are the Absolute Numbers of the different varileties of
Leucoocytes caloulatedlfrom the above
20 5 99.8°¢ 103.2°¢ 5,456 496 248 6,200
21 6 103.2  104.4 7,176 464 360 8,000 5,400
| . 8
22 7 101.8 104.4 _ 6,079 320 401 6,800 6,800
4,000 8,8
23 8 105 105 5,596 180 224 ,000 8,800
- 200 11,8
24 9 102.2 104.2 9,465 143 592 10,20 800
1,218 17,400 15,200
25 10 103.4 104.4 16,182 ’ 4 ’
1,106 15,800 16,200
26 11 104 104.2 14,694 ’ ’ ’
1,720 20,000 35,000
27 12 103 101.2 18,040 240 | |
2,340 32,000 31,000
28 13 101.4 102.2 28,832 864
1,105 17,000 13,700
29 14 100.2  100.2 15,793 102
1,618 23,800 25,800

30 15 103.2 104 23,087 95



EXPLANATION OF CHART

Red éorpuscles ' in ﬁed

Total Number of ieucocytes in Black
folymorpho-nuclear Leucocytes in éreen
Large Mono-nuclear Leucocytes in fiolet
iymphocytes in violet

Temperature Chart in Red

..........



Iyan
inds

iamo

i

Day or
Disease

Chart VII*



25
FATAL CASES Contd.

CASE 8. Thomas B., aet. 45, was admitted to hospital on 28th
December 1902. No history was obtainable. His temperaturs on admis-
sion was 103.2° P., pulse rate 124, and respirations 32 per minute.

He was &ery ill and delirious, and his skin presénted a definite
fixed typhus eruption over trunk and limbs. He died twenty hours

~after admission to hospital.

Post-mortem examination disclosed hypertrophy of the left ven-
tricle, with thickening of the aortic and mitral valves, adherent
pleuras, and calcareous nodules in both lungs, with edema of both
bases. The spleen was enlarged and diffluent. The kidneys were en-
gorged, and there were hemorrhages into the sub-mucous coat along the
whole intestinal tract. |

Two observations on the leucocytes were made in this case, one
in the morning and one in the evening of the day on which he was ad-
mitted. Both, as will be seen from the chart, showed the existence
of a marked leucocytosis, and both were verified by other observers.

Here again the polymorpho-nuclear cells were most abundant, and
no eosinophiles were found, a correspondence being thus shown with

the other fatal cases. The red cells were numerous, over 8,000,000

par c.m. being present.
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CASE NO. 8. T. B. (aet. 45) admitted to hospital on the ninth day
"of jllenss. Died on the tenth day of illness

e e S Ym e S e i e W e WD G B A W R S Em e G T e W R IR SR @S SR S e e G W G T SR G e G e S G S W G S W Y G R AR W e G G G e e e e e

Polymorpho
Date Day of Temperatures Red Cells Nuoclear Cells Lymphooytes
Dec. Illneas M E per cent. per cent.
26 10 102.4°f 101.8°f 8,300,000 89.5 5.2

The rdllowing are the Absolute Numbers of the different varieties of
Leuocoocytes ocalculated from the above

26 10 108.4°f 101.8°¢ 34,010 1,976

Large Mono Total No. of
Ruolear Cells TLeucooytes
_ per cent. M E

o A e e P R T e S Ee G e R A e SR S e Y R R e W e W e

5.3 38,000 29,000
12 noon &5 p.m.

2,014 38,000 29,000
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PATAL CASES Contd.

CASE 9. Matilda D., aet. 15, is the last of the series of fatal
cases. Thils patient was admitted to hospital on 11lth Maréh 1903, her
fourth day of illness. Her temperature was 104 .2° F., pulse rafe
120, and respirations 32 per minute. She was very ill, and there was
present an eruption of’early typhus spots of a somewhat deep red
colour on the chest, abdomen, back, arms, buttocks, and thighs.

On 16th March (ninth day of illness) the rash was becoming
fixed. A high pyrexia was present with practically no remission un-
til 24th March, on which day the crisis occurred, the temperature
falling from 105.4° F. to 100.8° P.; it rose again, however, almost
immediately, and continued to rise during the night and following
day, until it reached 107.2° P. Just before death on the afternoon
of 25th March. During the last three or four days of her illness,
dulness at the bases of both lungs behind, with fine crepitant rgles,
was detected, and this complication no doubt contributed greatly to-
wards the fatal issue. Unfortunately no post-mortem examination was
obtained. |

The accompanying chart shows that, although there was & leucocy-
tosis, it was not great. It corresponds with the other fatal cases,
however, in so far as there was a fall in the number of leucocytes at
the crisis, and in that no eosinophile corpuscles were found. This
case also shows in a striking manner the great ante-mortem leucocyte
rise which sometimes takes place, a phenomenon which suggests that

possibly at this time only was there any decided reaction on the part
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FATAL CASES Contd.

of the blood forming organs. The fact that the pneumonic process ap-
parently gave rise to no increase in the lesucocytes, also points to
the absence of reaction; The red corpuscles showed no increase, and

remained practically normal throughout the course of the disease.

i
1

....................

T
5
e
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CASE NO. 9. M. D. (aet. 15) admitted to hospital on the fourth day
of 1llness. Died on the éighteenth day of 1llness

Date Day of Temperatures Red Cells Nggiz:grgggls Lymphooytes Ng:ig:rugggl' Tg::%°§;%°:f

Mar. Illness M E per cent. per cent. ____Eff_ffff: __________________
15 8 104°f  104.6°¢ 6,240,000 82 14 4 10,000
16 9  104.2 104.6 83 13 4 8,800
17 10 104.4 104.6 6,850,000 84 12 4 14,000
18 11 104.4 104.6 82.5 14 3.5 14,800
19 12 104.2 104.4 5,550,000 78 17 5 15,200
20 13 103.4 104 81 15 4 12,000
21 14 104 104.4 6,200,000 79 17 4 11,400
23 15 103.6 104.6 79 16 5 10,000
23 16 105.4 104.4 5,070,000 75 18 7 15,000
24 17 100.8 102.2 8l 14 5 6,000
25 18 104 107.2 6,000,000 81 14 5 45,000
The following are the absolute numbers of the different varleties of

Leucoocytes calculated from the above 400 10,000

15 8 104°¢  104.6%¢ 8,200 1,400 352 8,800
16 9 104.2 104.6 7,304 1,144 560 14,000
17 10 104.4 104.6 11,760 1,680 518 14,800
18 11 104.4 104.6 12,210 2,072 760 15,200
19 12 104.3 104.4 11,856 2,580 480 12,000
20 13 103.4 104 9,720 1,800 456 11,400
21 14 104 104 .4 9,006 1,938 500 10,000
22 15 103.6 104.6 - 7,900 1,600 1,080 15,000
23 16 105.4 104.4 11,250 2,700 500 6,000
24 17 100.8 102.2 4,860 840 2,250 45,000
25 18 104 107.2 36,450 6,300
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FATAL CASES Contd.

To sum up briefly, it is to be observed that, in fatal cases,

there is:-
1. A leucocytosis (except in cases whers no reaction is
manifested) increasing towards the crisis

2. A fall at, or immediately after the crisis, and in
most cases an ante-mortem rise

3. 'Abaence of eosinophile corpuscles

4. A relativély high proportion of red blood corpuscles.
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GROUP II - RECOVERIES

CASE 1. Annie A., aet. 6, was admitted on 15th October 1902.
Her temperature on admission was 101.4° P., pulse rate 116, and res-
pirations 26 per minute. A few typhus spots were present on the back
and thighs. The crisis occurred durling the fourteenth and fifteenth
days of illness, and patient's convalescence was uninterrupted.

This was one of the early cases admitted to hospital, and two
leucocyte estimations only were made, but these showed that leucocy -
tosis was present, and that a fall in the number of leucocytes was

taking place coincidentally with the crisis.
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CASE NO. 1. A. A. (set. 6) admitted to hospital ocn 12th day ef

1llness.

Date Day of Temperatures Leucooytes
Oct. Illness M E

- T v M W ST TR R W W A AR e e TR A Em e e e Gn e TR e e e

16 15  101.4 103.8 16,000
17 14  100.6 101.8 10,000
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RECOVERIES Contd.

CASE 2. Prancis A., aset. 4, was admitted on 27th October 1902,
that being his second day of illness. His temperature on admission
was 98.20 F., pulse rate 124, and respirations 36 per minute.

On 30th October (fifth day of illness), a t&pical typhus erup-
tion appeéred on the trunk and limbs. The disease ran its usual
course, and the crisis occurred on the fourteenth day of illness,
after which there was an uninterrupted convalescence, with the e#cep—
tion of a slight bronchitis which developed a few days after the
erisis.

The chart of this case shows very well the interesting fact that
just before the crisis there was a great increase in the number of
leucocytes, and thereafter a declded fall. The secondary rise noted
on the chart was possibly due to the bronchitis.

It will be observed that the polymorpho-nuclear cells mainly
participated in the increase, but that there was also an increase in
the large mono-nuclear forms, and that eosinophile corpuscles were
present; this last variety of leucocyte, it will be remembered, was
absent in all thé fatal cases. The red corpuscles throughout were
practically normel except Jjust before the crisis, when there was a

marked increase.
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RECOVERIES Contd.

CASE 3. Mary S., aet. 13, was admitted on 3rd November 1902,
her fifth day of illness. Hef temperature on-adﬁission was 103.8° B,
pulse rate 116, and respirations 24 per minute. A distinct typﬁus
eruption was present over the whole of the body. The heart and lungs
were normal. The disease ran a moderately mild course, and the
crisis occurred during the fourteenth and fifteenth days of i1llness,
efter which convalescence was uninterrupted.

The usual features willl be noticed in the chart of this case -
a fluctuating leucocytosis until just before the crisis, when a
marked rise took place, with a corresponding fall after, and finally
a gradual approach to normal during convalescence.

Eosinophile corpuscles were present, but only during convales-
cence, and the polymorpho-nuclear cells were mainly responsible for
the increass. There was also an incrsase in the large mono-nuclear
forms, whilst the red corpuscles throughout the whole course of the

case were somewhat above the normal.
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CASE 45 William C., aet. 27, was admitted on 9th November 1902
from the receptibh house. His témpefature was 101°'F., pulse rate
112, and respirations 24 per minute. |

This is an interesting case because of the fact that patient
was admitted to hospital during the latter part of the incubation
period of the disease, and &s will be seen from the temperature
chart, there was & certain degree of pyrexia durlng the few days im-
mediately preceding the sudden onset, and rise of temperature, usual-
ly described as typical of typhus fever. |

A typical typhus eruption appeared on lé6th November, his (nomin-
ally) ninth day of illness, and the disease ran its usual course,
the crisis occurring during 26th and 27th November. There was, for
ebout eight days after the crisis, a fluctuating temperature, never
above 100° F., but this was due to a bronchitis which manifested 1t-
self about a week before the crisis occurred.

The chart is a most interesting one, showing as it does the
slight pyrexia during the lgst few days of the incubation perioed,
and the usual state of matters &s regards leucocytosis, viz., & pro-
gressive leucocytosis towards the crisis, and a fall thereafter.
Thié fall was more gradual than that noted in the preceding cases, a
character probably ettributable to the presence of the bronchitis.
Again the polymorpho-nuclear cells play the most important part in
the increase, and eosinophiles were present from the commencement
of the disease. It is of interest to note that, after the crisis,

as long as the bronchitis persisted, the large mono-nuclear forms
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showed & decided increase, whilst the polymorpho-nuclear cells were

diminishing in number. The red cells behaved in~a somewhat irregular

manner, but were decidedly above the normel throughout.
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CASE 5. Williem S., aet. 4, was admitted on 9th November 1902
from the reception house. His température was 98 .4° F., pulse rate
88, and respirations 24 per minute. »

Physical examination of the chest revealed nothing abnormal.

A typlcal typhus eruption appeared on 13th November (fifth day of
illness), and the disease ran its usual éourse, the crisis occurring
on 21st November, the thirteenth day of il}ness.

In this case there was & progressive increase in the leucocy-
tosis towards the crisis, the maximum being reached on the eleventh
day of illness: after this the leuccocytes began to fall coincidently
with the tempersture, gradually decreasing in number as convales-
cence became established. There was also an increase in the large
monp-nuclear forms, end ecsinophlle corpuscles were present from the
beginning of the attack.

The red corpuscles were persistently above the normel, and were

even more numerous at and immediately after the crisis.
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CASE 6. George S., aet. 1 year and 10 months, was admitted to
hospital from the reception house on 10th November 1902. His tem-
perature on admission was 101° F., pulse rate 132, and respirations
36 per minute. ’

The child did not appear seriously 1ll, and his temperature
foll to normal on the following morning: it thereafter fluctuated
for a few days, and on 17th November rose suddenly to 103° . On
the morning of the 18th it was normal, but rose to 103° f. in the
evening, and after remaining between 101° F. and 104° P. for three
or four days, began to fall by lysls until, on 27th November (elev-
enth day of illness), it reached normel.

This irregular temperature present for the first few days aftef
admission is similar to that seen in Case 4, and probably belongs
more properly to the period of incubation rather than to the pro-
dromal stage of the disease. But for this child's as;ociation with
other cases, it would have been difficult to recognise the true
nature of the illness, as there was no rash, and the course of the
temperature was most irregular.

The leucocytosis curve is seen to be similarly irregular, but
it shows fairly well the characters noted in the preceding cases of
this group, viz., the increase in the number of 1eucocytqs towards
the end of the attack, the succeeding fall, &s well as the fact that
the polymorpho-nuclear and large mono-nuclear cells were the main
factors in the increase, and lastly, that eosinophile corpuscles

were present throughout.
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The number of red corpuscles was also fairly high, and increased

with the pyrexia.

......................



00%‘TT 008°0T
00%°2T 000°2T
002‘ST 009°‘%T
00%‘2T 008°LI
00%‘ST 00%¥T
008‘3T 008°‘2eZ
008°8T 00%‘6T
009°S% 009°w2
009‘%T 00%‘eT
008‘98 000°LT
009°LT 008°2Z
00%‘0T 008°0%
000‘9T 009°ST
002°%T 000°02
00002 008°8T
- 000°9T 002°ST
00%‘2T 000°¥%T
009°LT 000°9T
00002 00%‘6
000°0T - 002°6
000°ST  009°%T
00%°TT 008°0T
00¥° 2T aoo.ma
002°8T 009°¥%1
00%‘8T 008°LT
00%°ST  00%°%T
008°‘3T 008°‘SLe

009°LT 008°22
00%‘0T 008°02
000°9T 009°ST

00002 008°ST
000°9T 002°ST
00%‘2T 000°3T

000°02 00%‘6

006°0T 002°6

000°‘ST 009°%T
- W
863 A000n0r

06

61T
L6
£2T
£e

os

0L

9L

n.
sS4’

m.
o
-

cz

ee’

‘queo aod
8110

2L6
096

09%‘ T
A A o

$06°T
8se‘ 1
896°T
LTS

06T‘T
96S° T
9881
8%2‘ 1
099°T
oT%‘T
216

086

978

229 T

=~ 0 > 0O ® 0 > P B OO > ©

o &

*‘aueo Jod

STTe0 aweTOnN

30 °*ON Tv310] o1Tydoursoy OUOW eBJeT

b
N

269°2 28T L

86 %°.6 L2 a1
ost‘e 008° & 8°L6 L6 £2 1T
gae‘e 28L‘6 9°L6 86 T2 6
9T6‘e 09%‘3T 2°'86 8°L6 ST 5

2°46  P°g6 eT T
036‘g 428°ST 86 9°u46 81 .mmn
g2L4‘g 222°2T 86 ¥°g6 T L2
2T L SLE¢gT 8°66 00T ot 92
2g9¢e S30°6 2°00T ¥%°66 6 qe
093 ‘Y 09G° TT TOT 20T 8 2
$82°‘9 028 5T 9°66 -10) S A £8
298‘s 208° 2T 8°66 %°20T 9 22
2902 0TS Tt 8°80T 9°TOT q 12
(elo} 2 2 006° 2T 9°20T 9°TOT 4 0%
oTTé9 082 TT $ 20T 20T g 61
0%0‘e 8%’ 11 20T ¥°86 2 8T
osT‘e 008°6 20T 9°66 T AT
| 86 L6 QT
98L°% YL S 8°00T 66 4"

66 ¥°'86 2T

8842 20%° 01 J8°%0T JSTOT Tt

@4A0QE 6Y3 WOoJJ pe3sTnOTE0 S63Aoconer

JO B0T3}eTJdeA JUCJIOIITP OWI JO SJOQUMN ©3NTOSQY Oyl ods SUTAOTTOS oYL

L 74 S'99 000°0£0°g 86 ¥°L6 L3 ST
9%°92 99  000°080°s 846 46 514 4
£2 49 000°092°‘9 9°L6 86 12 8
44 oL 000¢090°‘g 2°86 8°L6 QT ]
000°‘0g2‘s 2°L6  ¥°86 et T
‘oeqg
g2 S99 000°¢002‘s 86 9°L6 g1 8¢
S* 68 £9 000°099°S 86 ¥°86 11 Lg
62 g°29 ooo.oow.o 8°66 00T ot 9%
q92° L2 g° L9 000¢0gg‘g 2°00T 9%°66 6 qg
ge 89 000°0g2‘9 0T zot 8 ¢4
a2 we 000 ¢ 00%* L 9°66 20T b £2
LE L9 000°00%° 4 8°66 ¥°201 9 _mm
g 6T S* 3L 000°¢ 002° 4 8°20T 9°T0T g 12
22 S* 69 000°008° 9°20T 9°T0T ¥ 02
g*2e 09 000°006°9 20T 20T e 6T
02 b 000°009°g 20T ¥°g6 g 81
g 22 LT 000° 000° g 20T 9°66 1 LT
000°%00¢g 86 L6 et
62 T9 000¢060°¢S 8°001 66 4
000°0%9°g 66 ¥°86 g1
g8l S%° 1L 000°08%‘S 3,8°20T JF,TI0T 1T
Timeo sed | -qmeo aed a R seeurtI ‘AoN
sogfooydmA ] STI[OQ 48OTOUN STTeD pey seanjsedwel Jo 4Leq o3%d
oydaowiAtod .

potaed

uopseqnouy Fupsnp Testdsod o3 peddtups (BL.T *3e%) *g ' ‘9 *ON HEVO

14 4



EXPLANATION OF CHART

Red Corpuscles

Total Number of Leucocytes
Polymorpho-nuclear Leucocytes
Large Mono-nuclear Leucocytes
iymphocytes

Eosinophiles

Temperature Chart

in
in
in
in
in
in

in

Red
Black‘
.éreen
§iolet
fiolet
fiolet

Red



Chart VI.

PN

30aii

=24 urn

JOam

A

/aD

Jacm

s

/J CoD
heao
B (m

6000

Day or
Disease



45

RECOVERIES Contd.

CASE 7. James S., aet. 34, was admitted to hospital on 14th
November 1902. His temperature was 99.6° F., pulse rate 104, and
respirations 28 per minute. A typicéi typhus eruption appeared on
17th November (fourth day of illness). The temperature ran high till
the saventh day, when it began to subside, and fell to normal on the
thirteenth day of illness. The patient was very ill, delirious, and
had fallen into the typhoid state. For a few days after the crisis
there was marked distension of the abdomen, and he looked as if he
might die at any moment.

This patient's chart shows not only the usual increase in the
number of leucocytes towards the crisis, yith a gradual fall there-
after, but also an increass on the eighth and ninth days, greater
even than that seen at the crisis. The explanatidn of this last
fact 1s not obvious.

The polymorpho-nuclear leucocytes mainly are responsible for
the increase, but the large mono-nuclear cells participate in a less
degrese.

Eosiﬁophiles were found only about ten days after the crisis,
but it is important to note that they were present. The red cor-
puscles during the whole course of the fever wers never less than

7,000,000, and at one time they rose as high as 9,000,000 per c.m.
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CASE 8. Charles S., aet. 6 months, was admitted on 1l4th Nov-
ember 1902, his fourth day of illness. His temperature was 980 p.,
pulse rété 120, and respirations 32 per minute. A typical typhus
eruption appeared on the day aftef admission. The pyrexia,which at
times was high, ran a short coursse, and the crisis occurred on pa-
tient's twelfth day of illness. Convalescence was uninterrupted.

The leucocyte chart is somewhat irregular, but if we regard the
polymorpho-nuclear corpuscles only, it will be seen that there was
present the usual progressive increase towards the crisis, with a
fall thereafter. There was also an increase in the number of large

mono-nuclear cells and in the eosinophiles, while the red corpuscles

were above the normal.



OASE NO. 8. C. S. (aet. giz) admitted to hospital on fourth day of

illness
T T Polymorpho  large Momo-  Eosinophile Total No. of
Date Day of Temperatures Red Cells Nuoclear Cells Lymphocytes Nuclear Oells Cells Leucooytes
Nov. Illness M E per cent. per cent.  per gent. per cent. M E
15 5 99" 103°¢ 43 42.8 14.2 18,000 21,000
16 6 103 104 5,890 ,000 29 51 20 14,400 10,000
17 7 101.8 103.4 4,575,000 59 28.4 12.6 - 13,800 43,200
18 8 102.6 101.6 4,300,000 33,400 22,400
19 9 102.6 102.2 4,630,000 53 28 ; 19 ' 32,000 29,800
20 10 101.2 102 5,230,000 65 23 12 27,000 24,400
21 11 102.6 101.6 4,100,000 70 ‘ 20.5 : 9.5 29,800 32,600
22 12 101.4 99,6 3,600,000 72.5 7.5 10 - | 30,200 26,200
23 13 98 98.4 4,000,000 66 25 | “9 35,000 233,200
24 14 98 99 4,000,000 56 31.4 11.6 1 27,800 21,800
25 15 98.2 98.8 3,000,000 /44 484 6 1.6 . 16,400 50,000
27 17 98.6 99 4,700,000 ' - - 21,400 32,800
28 18 98.2 98.6 4,500,000 53.5 34.5 1 1 18,800 18,200
o m 98.2 98.8 5,650,000 65 2.6 10 .5 22,600 25,400
9 29 98.4 99 4,070,000 60 30.5 9 .5 12,200 . 14,600

The following are the Absolute Numbers of the different varletlies of .

Leucooytes caloulated from the above

15 5 99°r 103°¢ 7,740 7,704 2,556 18,000 21,000
16 6 103 104 4,176 7,344 2,880 ' 14,400 1d,ooo
17 " 101.8 103.4 | 8,142 3,919 1,739 | | 13,800 43,200
18 8 102.6 101.6 , | | 33,400 22,400
19 9 102.6 102.2 17,066 9,016 6,118 32,000 29,800
20 10 101.2 102 17,550 6,210 3,240 27,000 24,400
21 11 102.6 101.6 ’ 20,860 6,109 2,831 29,800 32,600
22 12 101.4 99.6 21,895 5,285 3,020 30,200 26,300
23 13 98 98.4 16,500 6,250 2,250 25,000 23,200
24 14 98 99 15,560 8,729 3,225 278 27,800 21,800
25 15 98.2 98.8 7,216 7,938 984 268 16,400 30,000
27 7 98.6 99 ‘ 21,400 22,800
28 18 98.2 98,6 10,593 6,831 2,178 198 18,800 18,200
T oa 98.2 98.8 14,690 3,277 2,260 113 22,600 25,400

9 29 98.4 99 7,320 3,721 1,098 61 12,200 14,600
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CASE 9. Mary McL., aet. 22, was admitted on 20th November 1902,
on her fourth day of illness. Her temperature was 103.6° F., pulse
rate 104, and respirations 26 per minute . She was shérply 111, and
the typical eruption appeared on the day after admission (fifth day
of illness). The pyrexia was high throughout the course of the 1l11-
ness, and a fall of four degrees occurred between the fourteenth and
fifteenth days. This was évidently the crisis, although it was not
until the eighteenth day that the normal temperaturs was reached.

About a week after the crisis there was some little swelling of
patient's left leg, evidently the result of thrombosis of the veins;
this gradually subsided, and the subsequent convalescence Wwas un-
eventful.

In the chart accompanying this case it will be observed that
the highest point reached in the leucocyte curve was on the thir-
teenth day of illness, that the fall took place immediately before
and during the crisis, and that there was a secondary rise, with
some fluctuation afterwards, which may possibly be attributed to the
thrombotic condition in the leg.

The usual features - increase in the polymorpho-nuclear and
large mono-nuclear cells, the presence of eosinophile corpuscles,

and the great numbers of red cells, will also attract attention in

the chart.



000¢L 008°9 LT 84S

009°‘g  00%‘L | 8% : 09g‘t g8y ¥°86 86 1e LT
002‘6  008‘QT 62 698 -~ 60T‘g o18‘® 66 66 62 ST
00%° 0T ooo»oa 008 o osu'y gIT'ot 66 8°L6 L2 et
00%‘9  000°CT g9 292 T ~ ocg‘e 000°9 86 86 8 6
009‘8  008°‘g e 8% 08L g o¥8‘g 66 9°ge 22 8
ooowb 00g‘é ~ 88g 928°T 89%¢9 9°66 2°g6 og 9
002°0T 00%‘3T L | 2981 ose 4 8°'86  g°L6 6T g
008‘6T 00%‘12 40T . 618°T . 9g9g‘yg oog‘e 86 00T 8T 4
000°8T 009°¥® 662 , 990‘% 80%‘g1 8°66  2°00T AT e
002‘L 009°L 61 82¢ . 198 oSy e 8°00T 9°00T 91 2
000‘s  008°‘% 29 90°‘T 682°9 - 80T u.woa gt T
00%‘0T 00%° L2 ez 1 98e° 1 ogs‘g SOT 9°'S0T . FT .mma
00%‘2T 000°¥T (¢) (] 669°¢ 89%° 28 8°€0T 9°20T et 62
000°6T 009°6T 94T T ogv'e 0%9°01 | ¥'%T 2°%01 3T 82
oog‘s | 000°‘s 89¥% L T | 089°gt 8°%01T 8°201 1t L3
0096  008°%T - gee 1 008‘s 9°%0T  %0T o1 92
008°6  008°OT , ove | | ~ 9'¥0T  9°%0T 6 g%
000‘s8 008°‘ST | . 089t 0%9°‘g $°SOT  9°%01 8 e
00%‘0T ©000°‘s . 0% T o | 2°%0T  %°€0T L £3
000¢% oo«.a_ . 009°¢T 09g¢g $°€0T #°C0T 9 22
| 343 °¥0T 3,3°¥01 g e

04048 0y} WOJJ Pe3eINOTEO So03hoooner

pmbfuoﬁvo«hwb jUeIeJITP OY3 JO SJIOQUMN ©9NTOSqy oy} oJw FUTAOTIOF oyy

000‘4 008‘9 gg* ‘g°'s 02 9% 14 000°0S¥‘S  ¥°86 86 1e LT
009‘s  00%‘L g9 . | S°ge g9 000°000¢g 66 66 6% QT
~oog‘e  oog‘sT gz g'g gz'oe 9 000°096‘S 66  B8'46 i et
00%‘0T  000°0T 8 ge 09  000°099‘% ¥°'86 86 . 28 6
00%‘9  000°‘eT g° gor 12 89 000082‘% ¥°66 9°86 22 8
009‘8  008‘s cg* S'g S4L°0Z g el 000°089‘S 9'66  2°86 og 9
000‘L  ©08‘6 9 : 6T S4 000°092‘L 2°86  ¥°L6 6T g
002‘0T 00%°2T 9 g 6T <7 000¢0SL¢9 86 00T 8T v
002‘6T 00% T2 g a'g : 61 24 000°002°4L 8°66  Z°00T T
000°8T 009¢¥% g9 M S 8l *7 8 000°099°‘% 8'00T 9°00T o1 ¢
002‘s 009°L gz* e . 3T QL°28 ~ 000°0ST‘S 20T 2°T0T ST .MQQ
000‘g  008°4 - LT G4 000‘08e*9 S0T 9°201 148 og
00%°0T 00%‘ L2 A | w g'eT 28 000°088‘9 8°20T 9°20T et 68
00%‘2T 000°%1 89 g 4T 94 000°002‘4 ¥°¥OT €°%0T 3T 82
000°6T 009°6T 9 w L 4§ o8 000°000‘% 8°%0T 8°20T 1t L2
008‘8 000°‘6 : 2'g ‘ 8" %1 o8 000°0T0‘Y 9'%0T %01 ot 98
009‘6  008° %I . 000°009°9 9°%0T 9°%01 6 S2
008‘6 00801 g qT o8 000°00%‘9 ¥°G0T 9°%0T 8 4 (4
008‘s  008°eT | 000°000°9 2'¥0T ¥°€0T L 2%
00%‘0T 000°8 et oz 19 000°002°G  ¥'20T  %°£0T 9 22
000‘s  002‘6 | 0000989 3,2'%0T 3,2° V0T g @
g W caueo sed | cameo wed | iaues med | ames med T " N evenpir  -aom
se3 Ao ooner] STT80 S8TTe0 aseTonN sejfooydwh sTTe) JeeTOonN ST[eD pey  soeanjsaedus] Jo 4Leq e3sQ
Jo °"oN Te3ol oTrydougsog -ouol eBaeq oydaowATod
88OUTIT
JO Asvp y3anog uo ﬁdpﬁﬁwon 03 pe33Twpe (gg °3es) °*roN 'K ..m *ON HSVO
oS




EXPLANATION OF CHART

- em e e oo -

Red Corpuscles

Total Number of Leucocytes
Polymorpho-nuclear Leucocytes
Large Mono-nuclear Leucocytes
iymphocytes

Eosinophiles

Temperature Chart

in

in

in

in

in

in

in

Red
Elack-
Green
fiolet
&iolet
&iolet

Red



AU CD

A aD

O'tm

A0 Osu

Iy (WO

U &

1j ovo

1l 610

0 av

Day Of
Disease

Chart IX.



51

RECOVERIES Contd.

CASE 10. Robert J., aet. 61, was admitted to hospital on 6th
December 1902, oh his tenth day of illness. His’temperature was
102.2° P., pulse rate 120, and respirations 28 per minute. A fixed
typhus rash was present all over patient's body. The crisis occurred
on the fifteenth and sixteenth days of illness, and convalescence
was interrupted only by a slight attack of bronchitis.

The leucocyte chart of this case presents the usual features -
a high leucocytosis at or about the crisis, due to an increase in
the polymorpho-nuclear elements, with a fall to normal during con-
valescence. The number of red cells was fairly high in this case as
in others of this group, but fell rapidly to normal after the crisis.

Eosinophile corpuscles were found only during convalescence.
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CASE NO. 10. R. J. (aet. 61) admitted to hospital on tenth day of

1llness
Date Day of Temperatures Red Cells N£Zig§grgggls Lymphocytes Nazig:rmgggis Eosé:;igile T;::ioggée:f
Deo. Iilness M E por omt.  per cemt. per oent. - per gemt. M E
] 11  102.6°¢ 102.6°¢ 9,250,000 87.5 6.5 B 6 17,400 12,400
8 12 102.4 101.6 8,650,000 91.1 5 3.9 17,000 26,400
9 13 101.2 101 8,700,000 8s.8 1.6 - 9.6 13,200 12,200
.10 14  99.8  99.2 8,950,000 85.1 3 11.3 19,400
13 17  97.8  98.4 7,000,000 70.5 12.5 ' 17.3 | 10,200 8,600
15 19 98.6 98 6,350,000 61.9 21 17.1 | 7,200 8,000
17 21 98.8 99.4 6,500,000 7.7 16.2 11.8 .3 14,000 14,300
19 23 98.6 100.2 6,100,000 8.33 9.6 6.3 .8 14,000 12,800
22 26 98.2 98.4 6,000,000 62.9 31.7 - | . 7 8,800 8,000

The following are the Absolute Numbers of the different varletles of

Leucocytes calculated from the ahove

7 11 102.6°f 102.6°¢ 15,225 1,131 S 1,044 17,400 12,400
8 12  102.4 101.6 15,487 850 663 17,000 26,400
9 13 101.2 101 11,722 211 1,267 | 13,200 12,200

10 14 99.8  99.2 . 13,198 462 1,740 19,400
13 17 97.8  98.4 7,191 1,255 1,754 10,200 8,600
15 19 98.6 98 ‘ 4,457 1,512 1,231 7,200 8,000
17 21 98.8  99.4 10,038 2,268 1,652 42 14,000 14,200
19 23 98.6 100.2 11,662 1,344 882 112 14,000 12,800
- 414 62 8,800 8,000

22 26 98.2  98.4 5,535 2,789
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CASE 11. Daniel W., aet. 13, was admitted on 2nd February 1903,
that being his ninthvday of illhéss. His temperature was 102.2o F.;
pulse rate 136, and respirations 32 per minute. The eruption was
well developéd and mostly fixed. fhe temperature reached the normal
on 8£h February (fifteenth day of illness), and convalescence there-
after was uninterrupted.

The chart of this case corresponds in the main with the others,
showing a leucocytosis, very high just before the crisls, and a grad-
ual diminution during convelescencs.

Eosinophile corpuscles were found in the blood of this case
after the crisis, and the increase in }eucocytes was due mainly to

the polymorpho-nuclear cells. The red cells were not estimated.
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CASE NO. 11. D. W. (aet. 13) admlitted to hospital on ninth day of

1llness
Date Day of Temperatures Red Cells NﬁZ%gggrgggls Lymphocytes Nug?ﬁﬁ: gzg;; Eoség;ggile Tg::ioggée:r
Feb. Illness M ... et per oemt. BT oent. . __Peroemt.  percent. M E
3 10 103.2% 104°c 83 14 3 19,200
4 11 103.2 103 a8 10 2 35,800
5 12 102.6  103.2 8" 11 2 14,000
6 13 102 101.8 77 19 4 13,000
7 14 100.2  100.8 | 83 14 3 12,000
8 15 99.8 98.6 23,800
9 16 99.6 99.8 83 13 3 | 1 9,400
11 18 98.8 98 85.5 12 2 .5 21,000
13 20 98 98.8 71 26 3 18,000
16 23 97.4 98 €8 26 6 9,200
18 25 98 98.4 | 72 25 3 6,400
The following are the Absolute Numbers of the different varietles of
Leucocytes oalouléted from the above _
3 10 103.2°¢ 104°f 15,936 2,668 - 576 | 19,200
4 11 103.2 103 31,504 3,580 716 35,800
5 12 102.6  103.2 12,180 1,540 280 14,000
6 13 102 101.8 10,622 2,622 552 13,000
7 14 100.2  100.8 9,960 1,680 360 12,000
8 15 99.8 98.6 23,800
9 16 99.6 99.8 7,802 1,222 282 9% 9,400
11 18 98.8 98 17,965 2,520 420 105 21,000
13 20 98 98.8 12,780 4,680 540 18,000
16 23 97.4 98 6,256 2,392 552 9,200
18 25 98 98.4 4,608 1,600 192 6,400
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CASE 12. Mary V., aet. 9, was admitted on 2nd Pebruery 1903,
that being her ninth day'of iilness. The'eruption was well deveioped
and fixed. Her temperature was 102.2° F., pulse rate 128, and res-
pirations 32 per minute. On therday after admission her temperature
~rose to 104O F., and then gradually fell until on 8th February (fif-
teenth day of illness) it was normal, and convelescence thereafter
proceeded'uninterruptedly.

When estimation of the leucocytes was cormenced, their numbers
indicated the presence of a leucocytosis in process of decline, as
the numbers decreased from day to day coincidently with the fall in
temperature.

Eosinophile corpuscles were present during convalescence.

The red cells were not estimated.
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CASE NO. 12. M. W. (aet. 9) admitted to hospital on ninth day of

1llness
Date Day of Temperatures Red Cells N§2122:rg2§13 Lymphocytes N£:§§:rmgggii -E°832§§211° Total No. of
Peb. Ilmess X .. e por cemt.  per cemt.  per cent.  per oemt.  Leucooytes
3 10  104°f 103°f 80 14 6 13,000
4 11 102.6 101.8 78 17 5 9,000
5 12 101.6 102 82 13 5 10,000
6 13 101.8 101.2 81 | 15 4 12,600
7 14 99.6 99.4 81 14 5 9,400
8 15 99  98.6 | - 9,000
9 16 98.4 99.6 : I £ 22 ‘ 5 | 10,000
11 18  98.4 99 4.5 21 . 5 12,000
13 20 97.6 98.6 62 30 12,600
16 23 97.4 99.8 64.5 30 5 5 8,600
The following are the Absolute Numbers of the different varieties of
Leucocytes calculated from the above |
3 10 104°f 103°¢ 10,400 1,820 780 | 13,000
4 11  102.6 101.8 7,020 1,530 450 9,000
5 12 101.6 102 8,200 1,300 500 | 10,000
6 13  101.8 101.2 | 10,206 1,890 504 12,600
7 14 99.6 99.4 7,614 1,316 | 470 9,400
8 15 99 98.6 9,000
9 16 98.4 99.6 7,300 2,200 500 ' 10,000
11 18 98.4 99 8,940 2,520 480 60 12,000
13 20 97.6 98.6 | 7,812 3,780 12,600
16 23 97.4 99.8 5,547 2,580 430 43 8,600
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RECOVERIES Contd.

CASE 13. William W., aet. 11, was admitted to hospital on 3rd
Pebruary 1965. His temperatufe was 101.6° F., pulse rate 112, anﬁ
respirations 32 per minute. The eruption was well developed but not
fixed. A faifly high pyrexia was present until the thirteenth day
of illness, when the crisis occurred, although the temperature did
not reach normal until the sixteenth day of illness.

Unfortunately, estimates were made in this case only when the
temperature was falling, but these are sufficient to show that leuco-
cytosis was present, and that the fall usual after the crisis was in
progress.

Stained film preparations showed that eosinophiles were present,
and that the leucocytosis was mainly due to an increase in the poly-

morpho-nuclear corpuscles. The red blood cells were not estimeted.
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CASE NO. 13. W. W. (aet. 11) admitted to hospital on eighth day of

illness
Date Day of Temperatures Red Cells Nﬁgizzgrgggls Lymphooytes <Na§§§:,M§2§{, ‘E°'§2§§§11° Total No. of
gf?l-_f%}?fff _____ Y._;__-_% _________________ per cent. __ gff-ffffl _____ per oent. per cent. Leucooytes
9 14  100.6°f 100.2°f 75 20 5 15,000
10 15 98.6 100 | 73 21 5 1 11,400
11 16 99.8 98 70 19 10 1 | 9,800
13 - 18  97.4  98.4 | 73 20 4 7,800
16 21 97 98.4 70 23 6 1 9,000
18 23 97.4 98 74 22 4 10,400
20 25 97.4 98 | e 23 3 9,000
The following are the Absolute Numbers of the dAifferent varietles of
Leucooytes calculated from the above |
9 14  100.6°f 100.2°¢ 11,250 3,000 - 750 - 15,000
10 15  98.6 100 8,322 2,394 570 114 11,400
11 16 99.8 98 6,860 1,862 982 98 9,800
13 18 97.4  98.4 5,694 1,560 546 7,800
16 21 97 98.4 6,300 2,070 540 90 9,000
18 . 23 97.4 98 7,696 2,288 416 10,400
20 25 97.4 98 | 6,660 - 2,070 | 270

9,000
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RECOVERIES Contd.

CASE 14. Jessie W., ast. 6, was admitted on 3rd February 1903,
her seventh day of 1llness. Her tempefaturé was 161,20 F., pulse |
rate 120, and resplrations 44 per minute. A well developed typhus
rash was present, but it was not fixed. The pyrexis was a little
irregular, but the crisis occurred during the fourteenth and fifteenth
days of illness, and convalescence was quickly established.

‘The leucocyte chart accompanying this case is not typical. It
merely‘shows the slight secondary rise which sometimes occurs after
the crisis, and the gradual approach to normel during convalescence.

The red blood corpuscles were not estimated.
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CASE NO. 14. J. W. (aet. 6) admitted to hospltal on seventh day of

1llness
------------------------------------------------------------------------- S e e e e e m—m—m———————————————————
Date Day of Temperatures Red Cells Nﬁg%gggrgggls Lymphooytes | Nazigzrmgggis ’Eoséggggile Total No. of
Feb. Tllmess M . B L Remeemt R per cent.  per cemt. ool ..
9 13 101°f 102.2°f 71 . 21 8 9,200
10 14  99.4 98.4 69 24 6 1 12,000
11 15 98 88 | 61 29 9 L 12,600
13 17 97 98.4 53 41 5 ) 1 - 10,000
16 20 97.6 98.6 50 45 4.5 .5 8,600
18 22 97.6 98.4 52.5 42 5 .5 8,800
The following are the Absolute Numbers of the different varietles of
Leucooytes caloulated from the above |
9 13 101°f 102.2°f 6,532 1,932 - 736 9,200
10 14 99.4 98.4 8,280 2,880 720 120 . 12,000
11 15 98 98 7,686 3,654 1,134 126 12,600
1 17 97 98.4 5,300 4,100 500 100 10,000
16 20 97.6 98.6 4,300 3,870 | 38" <3 8,600

18 22 97.6 98.4 4,620 3,696 440 “ 8,800
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RECOVERIES Contd.

CASE 15. Williem C., aset. 4, was admitted on 7th October 1903,
his fifth day of illness. His temperature was 103° ?., pulée rate.
132, and respirations 32 per minute. Subcuticulaf mottling was pres-
eﬁt all over the body, énd a typical though not abundant typhus erup-
tion appeared on the dsy after admission. The temperature ran prac-
tically between 1020 F. and 103o F., until the eleventh day when
there was a fall of almost two aegrees towards morning. The same
night however it again rose to 102° F., and next morning (twelfth
day of illness) the crisis occcurred, the tempefature falling from
102° ¥. to 99.2° F.

Owing to an attack of bronchitis which manifested itself about
the ninth day of 1llness, the temperature did not remain normel, but
fluctuated between 98o F. and 1050 P., until the nineteenth day of
illness when it becames settled.

The leucocyte count shows & steady rise in the number of white
cells, the highest record being on the day of the crisis, whilst on
the following day there was a marked fall. Thereafter the leucocy-
tosis fluctuated until the bronchitis became quiescent, after which
the numbers recorded were normal.

The chart also shows in an interesting manner the effect of the
bronchitis on the lymphocytes. These cells are known to be increased
in numbers in bronchial affections, and here it is seen that they

were markedly increased during the period in which the bronchitis

was active. The presence of the large mono-nuclear and eosinophile

corpuscles will also be noted.
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EXPLANATION OF CHART

'Red Corpuscles in Red
Tota; Number of Lieucocytes in Blaoﬁ
Polymorpho-lnuolear Leucocytes in Green
Large Mono-~-nuclear Leucocytes in Violet
Lymphocytes in Violet
Eosinophiles ' in “Violet
Temperature Chart ‘ in Red
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RECOVERIES Contd.

CASE 16. Jeanie K., set. 28, was admitted on 12th October 1903,
thét being'her ninth day of illﬁess.' Her témperature was 103.8° F.;
pulse rate 120, and respirations 34 per minute. There was a fypicalr
and abundant typhus eruption all o§er the body and limbs. The tem-
perature did not pursue & typical course, but fluctuated greatly,
falling by a prolonged lysis till it became normal on the twenty-
first day of illness. During this thme the patient was very sharply
111, and at times delirious.

The accompanying chart shows two distinct rises and falls in
the number of leucocytes. The first fall is somewhat difficult to
explain, but the second is the usual occurrence after the crisis.

In thls case the decline 1is gradual, and practically accompanies the
tempersature.

It 1s to be noted that the polymorpho-nuclear cells.play the
most important part, and that eosinophile corpuscles wers found only
during the stage of convalescence, whilst the red cells were higher

than normal throughout the whole of the acute phase.
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EXPLANATION OF CHAR?T

Red Corpuscles , in Red

| Total Number of Lieucooytes in Black
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Temperature Chart N . in Red
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RECOVERIES Contd.

CASE 17. Lettie G.,laet. 21, was admitted to hospital on 12th
October 1903 her twelfth day of 1llness. Her temperature was
105 6° F., pulse rate 124, and respirations 52 Per minute. She was
sharply 111, and there was an abundant fixed typhus eruption all over
the trunk and limbs. The crisis occurred on the fourteenth and fif-
teenth days of illness, and convalescence thereafter was quick and
uninterrupted.

The leucocyte chart demonstrates in a striking fashion the
great rise which usually occurs at the crisis and the corresponding
fall efterwards. In this case, however, the fall took place immedi-
ately before the crisis began, a phenomenon which has already been
alluded to.

It will be noted also that eosinophile corpuséles were found in
nearly all the films examined, and that the red corpuscles were at

no time diminished in numbers.
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CASE NO. 17. L. G. (aset. 21) admitted to hospital 12th Ooctober,

1903, on her twelfth day of illness

o T Polymorpho - Darge Meno-
Date Day of Temperatures Red Cells Nuclear Cells Lymphooytes Nuclear Cells
Oct. Illness M E per cent. --BEE_Sggfl----~ per cent.

13 13 102.2°¢ 103.4°f 5,340,000 78 19 3

14 14 101.8 103.6 7,200,000 85 10 4

15 15 99.4 100.8 5,990,000 76 18.5 . 5.6

16 16 98.4 98 5,250,000 70 25 4

18 18 97.6 98 5,000,000 60 34.8

20 20 98 98.4 5,500,000 61 35

23 23 97 99 5,030,000

25 25 98 98.2 4,900,000 T4 21 4

The following are the Absolute Numbers of the different varieties of

Leucocytes calculated from the above

13 13 102.2°¢ 103.4°f 12,168 2,964 468

14 14 101.8 103.6 - 9,690 1,140 456

15 15 99.4 100.8 12,160 2,960 . 880

16 16 98.4 98 8,400 3,000 480

18 18 97.6 98 5,040 2,923 336

20 20 98 98.4 7,320 4,200 480

23 23 o 99

25 25 98 98.2 6,290 1,785 340

Eosinophile
Cells
per oent.

114

120
101

85

NN S N G W D S - - W 4o T e AR e A S G W S G NS e S o=

Total No. of
Leucooytes

M

15,600
11,400
16,000
12,000
8,400
9,200
12,000
8,500

N e R e - - P 0 - - S T n G R S e m S e D - n e - S e -

27,000
12,000
12,600
10,800

8,600
10,000
10,000

7,000
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The foregoing charts have been prepared to show graphically the
results of the estimates of the different corpuscles in the fresh
blood, along with the absolute numbers in which each variety occurs.

Each chart is accompanied by an explanatory note.

If we accept 7,000 to 8,000 leucocytes per c.m. of peripheral
blood as a normal standard, it will be observed that the black line
on tﬁe charts (total leucocytes) constantly indicates a number in ex-
cess of this; in other words a leucocytosis was always present. In
addition it should be noted that the black line (total leucocytes),
and the green (polymorpho-nuclear cells) run almost parallel to each
other throughout the series of charts; in other words, the leucocy-
tosls 1s due to an increase both absolute and relative of the poly-
morpho-nuclear neutrophiles.

It has already been indicated that the degree ofbleucocytosis
in the cases recorded was generally considerable. The average maxi-
mum leucocytosis of the series of twenty-six cases is found to be
24,000, but the maximum estimate in the fresh blood, made in the
different cases, will be seen to vary between 8,000 and 54,000.
| The following table has been constructed to show the maximum

leucocytosis of the series of twenty-six cases:-

No. of No. of

Cases Deaths .
Between 8,000 and 15,000 leucocytes per c.m. 7 4
” 15,000 " 20,000 " 3 0
" 20,000 " 25,000 " 3 0
" 26,000 " 30,000 " 5 1
" 30,000 " 35,000 n 3 2
" 35,000 " 40,000 " 1 0
n 40,000 " 45,000 " 3 1
» 45,000 " 55,000 " é %

Above 55,000
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An analysis of the foregoing clinical records suggests that the
cases fall naturally into two great groups, namely, one including
all those which terminated fatally, ahd e second embracing all those

which ended in recovery. The fatal cases will be discussed first.

GROUP I - PATAL CASES

-------------

In the greater number of the fatal cases leucocytosis was pres-
ent, though it uéually manifested itself in a marked degree only
after the appearance of the rash. Speaking generally, it may be
sald that the leucocytosis present in the fatal cases increased to a
maximum et or just before the crisis, and declined thereafter, 1if
death did not immedistely supervene. In most of them there was &
slight ante-mortem rise, but in two (Cases 5 and 8), this rise was

very marked, as 1f the blood-forming organs had suddenly put forth
a great and final effort, and it is remarkable that in none of the
fatal cases were eosinophile corpuscles found at any time. This
peculiarity is not 1imited to typhus, but is found in other diseases,
e.g., pneumonia etc., and occurs apparently only in cases which even-
tually prove fatal (Becker - Deut. Med. Woch. 1800, Vol. 26). The
number of red cells in all the fatal cases was higher than is usual

in normal blood.
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GROUP II . - RECOVERIES

———————————

In this group the main facts of the blood examipatioﬁ_corres~
pondlwitﬁ thosé>81ready detailed in connection with Group I. There
was a gradual increase in the number of leucocytes from the begin-
ning of the disease onwards, more marked after the appearance of the
rash, until the maximum was reached'by a rapid risa; either a day or
two before, or coincidently with the crisis. After the crisis a
sudden fall occurred, and the leucccytosis gradually declined during
convalescence until the normel was reached. |

With the supervention of inflammatory phenomena during convales-
cence, the leucocytosis may undergo a secondary rise, which, however,

never exceeds, or even approaches, that which occurs at the crisis.

VARIETIES OF LEUCOCYTES PRESENT 1IN TYPHUS BLOQOD

PO e e

In addition to the facts furnished by the foregoing general con-
siderations with reference to the condition of the red and white cor-
puscles, an analysis of the modifications undergone by the various
leucocytes, both in number and character, reveals some features of

interest. These are noted in connection with each type of cell in

the following statement.
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POLYMORPHO-NUCLEAR LEUCOCYTES

The pblymorpho-nuclear neutrophile leucocytes arise, for the
most part, in the béné marrow,'énd thence miérate into the blood
stream. In response to the chemiotactic influence of various tox-
ines, these cells are produced in greater numbers than usual, and
being thrown into the periphefal circulation, a leucocytosis follows.
The majority of febrile infectious diseases - pheumonis, erysipelas,
diphtheris, septic conditions, acute rheumatism, etc., are accom-
panied by a leucocytosis of a greater or less degree. In this con-
nection measles and uncomplicated enteric fever occupy a special
position, as in these diseases the absolute number of white blood
corpuscles is diminished, and this chiefly at the expense of the
polymorpho-nuclear variety. These results, no doubt, depend upon
the influence of the chemical products produced by the causative
agent of the particular fever, and it is of interest to remember in
this conmnection that such drugs as phenacetin etc. produce poly-
morpho-nuclear leucocytosis in man. This last has been observed ex-
perimentally by Rieder (Beitfégq/ iur/ Kenntniss der Leucocytose,
1892).

The polymorpho-nuclear cells,which are the most numerous of all
the vérieties of leucocytes in the normal blood, undergo in typhus
fever, a marked relative increase, being frequently as high as from
80 to 90 per cent. of ail the white cells present, and, in one or

two instances observed,as hligh as 93 per cent. This relative in-
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crease usually, but not always, corresponds with an absolute in-
crease, and is practically the same in the fatal and non-fatel cases;
that is to say, as regards the degree of leucoccytosis, the fatal
cases do not differ materiaily from the non-fatal cases.

Occasidnally disintegrative or degenerative changes‘were noted
in these cells, but these did not appear at any particular period in
the course of the disease, nor could any special interpretation be

placed upon these changes as they were not at all constant.

LARGE MONO-NUCLEAR CELLS

- - oy - -

In most forms of leucocytosis the large mono-nuclear cells of
the normsl blood are not concerned in the increase. Indeed, in
leucocytosis of high degree, thelr relative numter may be lowered in
consequence of the exclusive increase of the polymorpho-nuclear
cells.

There exists some doubt not only as to the sources of formation
of these cells, but also as to the manner in which they reach the
circulation, for it appears that they do not react to chemiotactic
influence in the way the polymorpho-nuclear cells do. Ehrlich in-
clines to the opinion that the largé mono-nuclear leucocytes arise,
for the most part, from the bone marrow. He found that in animels,
from ﬁhich the spleen had been removed, there wes no alteration in
their numbers, and thers was no evidence of theilr formation in any
of the other blood-forming tissues.

The occurrence of large mono-nuclear leucocytes 1in the blood of
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typhus is constant, but the proportion constituted by them varies
greatly, according as the case tends to recovery or to a fatal issue.

Although probably no diagnostic value can be placed on this
phenomenon, it still remains a fact that in non-fatal cases, the
relative proportion of these cells is greater than in fatal cases
generally. 1In no case wers these elements found to be absent from
the blood, and they were present from beginning to end of the attack,

though mors abundant after the crisis.

LYMPHOCYTES

- o ws e

The lymphocytes of the blood are identical with those of the
lymphatic glands in morphological character,’staining properties,
etc., and clini%al experience points to the collections of lymphatic
tissue throughout the body as being the origin of these éorpuscles.

Lymphocytosis in comparison with othervleucocytoses is compara-
tively rare, but it makes its appearance under certain conditions in
which the lymphatic glandular tissue 1s in a state of congestion and
over-stimulation. Many observers have advocated the view that the
lymphocytes represent an early stage of development of the other
whits blood corpuscles, but it is difficult, however, to reconcile
this theory with the observations of Ehrlich and others, who have
noticed that, when extensive portions of the lymphatic glandular
system are put out of action by new growths and similar causes, the
number of lymphocytes in the peripheral circulation is considerably

diminished. 1In acute infectious diseases lymphocytosis is rare, the
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two most notable exceptions being.whooping cough and smallpox, the
blood of which is characterised by an increase in the number of
lymphocytes.

An examination of the condition of these cells in typhus fever
in the present series of cases shows that they are relativsely dimin-
ished in numbers, in marked contrast to the polymorpho-nuclear vari-
ety. The decrease is usually both a relative and an absolute ome,
and is in marked contrast to the great increase in the polymorpho-
nuclear cells. In both fatal and non-fatal cases thls form of leuco-
cyte appears to behave in the same manner. The greatest relative de-
crease in the number of these cells is represented by .4 per cent.

In children, as one would naturally expect, the relative decrease of

lymphocytes 1s less than in adults.

- EOSINOPHILE CORPUSCLES

- e e e e W e T e

" There is some diversity of opinion as to the origin of these
cells,v Ehrlich and his followers maintain that they are produced in
the bone marrow, whilst others, as Shaffer (Cemt. f. d. Med.(Woch,)
Wissen 1891) and Gulland (Jour. of Path. and Bact. 1894) hold that
they are derived from the thymus and lymphatic glands, as they have
found them in these situations before their appearance in the marrow.
Anothér method of production is indicated by Miller (Deut. Archiv.

f. Klin. Med. 1891) who has observed active mitosis occurring in
these cells. The supposition also that eosinophiles may be a furthér

development or ripening of the polymorpho-nuclear lsucocytes, has not
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besen entirely disproved, but, on the whole, the svidence seems to be
against this explanation. Some observers have described a diminu-

tion in the number of eosinophiles in septic diseases, although

" ticemia where eosinbphiles appeared to the extent of 76 per cent. in
the pleural exudate, and 40 per cent. in the blood. In this connec-
tion experimental leucocytosls in animals is of some intersest.
Kanthack found that, after the intravenous injection of a small quan-
tity of sterile cultures of bacterla, an enormous leucocytosis some-
times occurred, mainly due to an increase in the number of eosino-
philes (B. M. J., 1892), whilst though Neussar (Wein. Klin. Woch.
1892, No. 4) sometimes found in man an increase in the number of
eosinophiles as the effect of various toxines, other observers have
‘repeatedly found the leucocytosls, when present, to depend in the
great majority of diseases, not on an increase in the number of
eosinophiles, but upon an increase in the number of the polymorpho-
nuclear variety.

Eosinophilia, though rare in septic diseases, has been observed
in many other conditions, and more especially in bronchial diseasss,
cutaneous affections, and in certain diseases having their seat in
the sympathetic system of nerves.

In the series of fatal casss of typhus recorded here, careful
and repeated examination of films invariably failed to find eosino-
phile corpuscles at any period in the course of the disease. On the
othef hand they wers constantly found in differentiated films taken
from the non-fatal cases. They were not constant as regards time of
appearance, for, though in some cases they were found only after the

erisis, in the majority they were marked from the first count on-
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wards.-

In many infectious diseases there is, during the post-febrile
period, a well marked eosinophile leucocytosis, which genafally,
however, rises to a moderate height only. 1In pneumonia Tdrk found
a post-critical eosinophilia of 5.67%, and after rheumatism 9.37%,
whilst'Zappert found 20.34% in malaria on the day after the fiﬁal
attaék. | '

No definits eosinophilia occurred in the typhus cases affer the
crisis, though, as has already been stated, a greater number of these
cells was present during the period of convalescence than during any
other stage of the disease. This phenomenon is illustrated on the
charts.

Disintegrated eosinophiles were not common, although "burst"
cells were occasionally met with.

With regard to the size of these cells, and of their granules,
both were usually fairly constant, but at times a dwarf cell was
noticed. No cell forms were observed in the differentiated blood
films suggesting a transition between the coarsely granular poly-
morpho-nuclear leucocytes and neutrophile eosinophiles, so that, if
such a developmeﬁt of the one form into the other does occur, it
must take place in the tissues, and not in the peripheral circula-

tion.
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MYELOCYTES

The importance of these cells and thelr significance, when they
appear 1n the péripherai circulétion,ﬁas been demonstrated by Muir
(B. M. J., 1898), who pointed out that in grave inflammatory or in-
fectlive conditions when the number of leucocytes falls, finely granu-
lar lsucoblasts of the marrow - myelocytes - appeared in the blood,
and he considers this to be a bad omen. Engel (Deut. Med. Woch.,
1899) pointed out that in diphtheria, when these cells appear in
large numbers, the case is unfavourable, and he found as many as 127
in some cases. 1In sevefal other infectious diseases Tirk (Blut. bel.
Infect. Krauk 1898) found that a considerable number of these cells
may appearvaccompanying polymorpho-nuclear leucocytosis, and other
observers have recorded their presence in progressive pernicious
anemia and leukemia. Although these cells resemble morphOIOgicallf
the polymorpho-nuclear leucocytes, on the one hand, and hyaline cells
on the other, and have their origin in the bone marrow, thelr appear-
ance in the peripheral circulation signifles some grave change influ-
encing the cell producing function of the bone marrow.

In the present series of typhus cases, myelocytes were occasion-
ally noted in the differentiated films, but so infrequently as to
warraﬁt their being disregarded in the percentage results.

In view of the observations just quoted, their scarcity is re-
markable, but the appearances presented by the blood-forming organs,

which are discussed later in this thesis, explain the absence of
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these cells from the blood.

RED CORPUSCLES
.The importance of the pathological changes which take place in
the red blood corpuscles in certain general diseases 15 now fully
recognised. Increase in the number of red corpuscles 1s not so com-
mon as diminution, but 1t is met with in certain febrile diseases as
pneumonia, bubonic plague, etc., in which it is important to observe
slight cyanosis is generally present.

It is a disputed point whether there 1s an actual over-produc-
tion of red corpuscles in these cases, or whethsr the increasse is
only apparent and the result of vascular changes causing a tendency
to an accumulation of a larger proportion of red cells in the blood
of the peripheral veésals than in that supplying the various organs
and deeper tissues.

Whatever the explanation may be, there is no doubt of the fact
that an increase is ﬁet with in the diseases mentioned. The element
of stasis must always be remembered, however, and allowances made.
Indesd, many of the exceptionally high estimates reported in some
cases of pneumonia may be explained by abnormality not of production
but of distribution.

Many of the acute infectious fevers - enteric etc. - are accom-
panied by diminution in the number of red corpuscles, and, in some

instances, by a marked anemia. Typhus fever, however, is an excep-

tion. This disease i1s essentially one in which cyanosis constltutes
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a symptom which gradually becomes more marked as the disease pro-
gresses, and it may be, as already indicated, that the increase in
the number of the red cells is due to this condition.

In nearly every case of the series recorded here there was an
increase in the number of the red corpuscles at some stage of the
disease. This increase became more marked near or at the time of
crisis, and as convalescence became established, these cells gradual-
ly returned to an approximately normal number. In two cases (Case 3,
Group I, and Case 2, Group II) examination of the fresh blood on thé
day when the crisis occurred, showed fragmentation or splitting up
of many of the red blood corpuscles, some of them being split into
two, and others into three or more parts. The explanation of this
phenomenon 1is a matter of conjecturs.

The question as to whether the increase in the number of red
cells is due to an actual manufacture of new corpuscles, has already
been alluded to, but there seems to be no reason to supposé that
there is in typhus fever any unequal distribution of cells in favour
of the periphery, such as 1is obviously the condition in ordinary

cyanosis with stasis.

NUCLEATED RED CORPUSCLES

—— aa - e - -

The clinical importance of nuclesated red corpuscles has been
demonstrated in many diseases, and especilally in anemias. In various
infective conditions Muir has pointed out their assoclation with

myelocytes in the peripheral circulation, and in the spleen. Three
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kinds of nucleated red corpuscles are usually distinguished, viz.,
normoblasts, megaloblasts, and microblasts. The first is of the
usual size of a red corpuscle; the second two to four times as large;
and the last much smaller than the ordinary red blood cell. Occa-
slonally these cells are found in normal blood. When they appear in
large numbers, the condition is distinctly pathological, and then
the preponderance of one variety or another possesses a certain diag-
nostic value.

The orlgin of the nucleated red blood corpuscles 1s the sams as
that of the ordinary non-nucleated cells - that is to say, they are
derived from the bone mafrow, where they éan be seen in large numbers
lining the wide capillary spaces. ‘

In the series of typhus cases dealt with in this paper, nucle-
ated red blood corpuscles were found only very occasionally. No
special significance can be attached to their appearance in the
blood, and it may be that their presence was merely accidental. The
normoblastic form only was observed. The association of these cells
in the blood of some infective conditions with myelocytes, to which
Muir has alluded, receives negative confirmation in the condition of
typhus blood, in which neither myelocytes nor nucleated red cells

ars abundant.

BLOOD PLATELETS

These elements of the blood were first described by Hayem who
called attention to their special characteristic of running together

into clumps or grape-like clusters..
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Their presence is constant in normal blood, but the signifi-
cance of thelr occurrence is still a matter of conJecture,'although
therse 1s a tendency to associate them with the phenomena of coagula-
tion. Muir (Journ. of Anat. and Phys. Vol. XXV, 1891) found a
mafked 1ncreasé of the blobd platelets in cases of dhlorosis, whilst
Denys (Revue: La Cellule, Vol V, pt. I) found a very marked diminu-
tion in two cases of purpura, and Ehrlich has examined cases in
which they were wanting altogether.

In the blood of the typhus cases recorded here, blood platelets
were always present, sometimes in large numbers. They were not ob-
served in fllms stained with Ehrlich's triacid mixture, but were al-
ways well defined when Romenowsky's stain was employed. No marked
difference was noted in the frequency of occurrence of these eiements

in the fatal and non-fatal cases respectively.

Having now diséussed the various elements of the bloéd of which
there is more or less accurate knowledge, there remain others of
which there is no adequate description to be found in literature.
These may be grouped into three classes:- 1. Cell dé‘ris; 2. Para-
sites; and 3. Hemoconia.

The eafiiest reference to these less known elements of the
blood is to be found in a paper by Drs. Mott and Blore (B. M. J.
1883, "Micro-organisms in Typhus Fever"), who regarded them as micro-
cocéi; These observers describe the bodies thus, "We have examined
the blood in twelve cases (of typhus fever) during the pyrexiél
stage, and in all moving organisms, like minute screws, have been

seen. Occasionally their form can be made ocut, and we consider them
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to be ddmb-bell micro-coceil undergoing division. Often single cocci
could be seen, and thése were found to measure about half a micro-
millimetre. 1In one case, thers were large numbers in the blood
after the fever had subsidéd; but, as a rule, they disappeared on
convalescence." |

The next observer to mention them was Doshle (Centralblat f.
Allg; Path.’y. Path. Anat., III, 150; Centralblat. f. Bakteriol. w.
Parasit., XII, 906), who found them to be present in the blood of
patients suffering from measles, scarlet fever, smallpox, and syphil-
is. He described them as small spheres (0.5 - 1 ) which were
either homogensous, or contained a highly reffactile nucleus sur-
rounded by a clear zone. They showed movements which, in some in-
stances, could be observed to be due to the action of a fla%ellum,
four or five times the length of the body. Occasionally two spheres
were enclosed in a common capsule. He also noticed granular and
amoebold elements (2.5 j), and ill-defined rod-like protoplasmic
bodies possessing small flagella.

Pfeffer (Die Protozoen Als. Krankheitser{ger, 1895) describes
similar bodies with flagella which he found in the blood of patients
suffering from variola and vaccinia.

The next descriptions are those of Miller and Reed. Miller,
who gave to these elements the name of hemoconia (Centralblat. f.
Allg. Path. w. Path. Anat., 1896), states thatvthey are found in the
blood as very small granuls or cocci-like colourless corpuscles,
highly refractive, with a very active molecular movement, which keep
their shape under observation for a very long time without any
special precautions. He found them in every normal blood in varying

numbers, and was unable to stain them with osmic acid.
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Various other observers have considered them as free granulss
of neutrophile or eosinophile lesucocytes, or produced by fragmenta-
tion of the red blood corpuscles.

Observations made by myself on the blood of patients suffering
from the diséases above mentioned, and on the blood of typhus pa-
tients, have demonstrated that there exists in the blood a number of
forms which may be grouped into four divisions:-

1. Protoplasmic bodies containing a number of bright refrac-
tive points. There is no difficulty in demonstrating the
origin of these as portions of neutrophile cells when
stained with Biondi's fluid. They are observed frequent-
ly in blood whers disintegration of corpuscles is common,
as, for example, in hemorrhagic smallpox, but are not so

frequently found in typhus fever.

2. Small round highly refractive bodies, .5 to 1 p‘in diamster,
and apparently motile.

3. Rod-like bodies, also apparently motile, % to 2 P in length.

4. Dumb-bell forms, 2 to 4 U in length, and apparently motile.

With regard to the last three forms, 1t 1is probable that they
belong to the same class, as they are all swall, colourless, refrac-
tive bodies lylng free in the blood plasma, and endowed with active
tremulous movement. They vary in shape according to the position
which they occupy, but for the most part appear as described 1in
Class 2. They are never at resﬁ, but dance about in an apparently
aimless fashion, disappearing and reappearing with great rapidity as
they pass out of focus, or coms into view again.

ﬁnder certain optical conditions they appear to possess fla-
gella, but it cannot be stated positively that these organs exist.
It is interesting to néte that these bodies are also found in the

lymph from the early vesicles of smallpox.
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Under no circumstances has sﬁccess been attained in staining
these elements, even in the lymph of the variola vesicle, where they
exist in‘considerable numbers. They do not stain with osmic aciqd,
or with Soudan red, our experience agreeing with that of Maller in
this respect. Whether this is due to the fixing is difficult to say,
but they have never been observed except in freshly drawn fluilds.
All modes of fixing - heat, Hermmann's solution, Fleming's solution,
and corrosive sublimate, apparently destroy them, or at least cause
them to disappear.

In typhus fever these bodies are constantly found in the fresh-
ly drawn blood. They are observed throughout the whole course of
the disease, but appesar in greater numbers during the first four or
five deys.

Apparently no prognostic significance can be attached to their
presence &as they are &s frequently observed in fatal, as in non-
fatal, cases. |

There seems to be no doubt also that these bodles possess no
etiological relationship with the disease, but, with regard to their
abundance in many cases of typhus, the experience gained from the
study of the cases recorded here tallies with that of Mott and Blors
(B. M. J., 1883).

It has beeh suggested that they are derived from the disintegra-
tion or fragmentation of leucocytes or red blood corpuscles, but
the fact that they do not stain is almost sufficient to negative
this idea, and thelr mysterious disappearance during the process of

fixing renders the collépse of the theory absolute.
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An analysis of the observations detalled in the preceding
charts and tables, and in the foregoing parsgraphs, in which the

various blood cells are dealt with, leads to the following conclu-

sions:-

1. That typhus fever 1s always accompanied by leucocytosis,
whether the attack be fatal or not

2. That the character of the leucocytosis is practically the
same in all cases, and corresponds with that found in
certain of the other exanthemats, e.g., scarlet fever,
inasmuch as it 1s the result mainly of an increase in the
number of the polymorpho-nuclear cells.

3. That in the blood of fatal cases there are no eosinophile

: cells, whilst in non-fatal cases these corpuscles are
always present.

4. In non-fatal cases there 1s occasionally a slight relative
increesse in the large mono-nuclear elements.

5. The red blood corpuscles are usually increased in number.

While bearing these general cbnclusions in mind, the full c¢lini-
cal significance of the observations can only be gauged after a care-
ful and detailed analysis of the characters and numbers of the dif-
ferent groups of white cells, as well as of the conditions under
which these are present.

TwoAcases (IV and VI, Group II) were admitted during the period
of incubation, and on these observations were carried out during
this stage. An examination of thelr charts shows & certain amount
of febrile disturbance prior tc the prodromal stage, followed by a
period of 48 hours, durlng which the ﬁemperature remained normal, and
this agein was succeeded by a febrile excursion marking what must be
regarded as onset of the true attack.

Tt will be noticed that, in both the cases, and accompanying
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this preliminary temperature there was a certain degree of leucocy-
tosis of the polymorpho-nuclear type, suggesting that the specific
poiscn of the fever was already beginning to influence the hemogenic
tissues. This is well seen in both, but better in Case 4 (Group 11),
an adult, than in Case 6 (Group II), a child of six months. It is
known that véry slight causes may lead to an increase of the leuco-
cyteé in the blood of & young child, but the leucocytosis of chil-
dren is usually & lymphocytosis, and not a polymorpho-nuclear one,
as in this case, a fact which is highly suggestive thét the disturb-
ance in the blood-forming orgens is due to the influence of toxines.

Another point of interest is the relationship between the ap-
pearance of the eruption and the leucocytosis. In nearly all the
cases observed, aslthough the date of the first appearance of the
eruption varied considerably, there was a distinct increasse in the
number of leucccytes on the days following its appearance. While
this is of interest, yet the exsct relationship between the first
appearance of the rash eand the leucccytosis is not obvious. Charts
4, 5, 7, and 9 (Group II) show this best. |

Perhaps thelmost interesting phenomena indicated on the charts
are those which group themselves around the crisis. In meny of the
cases a true crisis occurred, though in others a lysis terminated
the attack, but In all cases observed the same phenomena &s regards
leucocytosis were present, that is to say, there was a gredually in-
creasing leucocytosis up till cne or two days before the erisis,
when there was a sudden and rapid increase in the number of leuco-
cytes. This increase, however, may occur on the day of ecrisis.

A high grade leucocytosis is not maintained for any length of time,
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for, in almost every case, & fall, as striking as the preceding rise,
occurs on the following day, and thenceforward the number of leuco-
cytes declines with the temperature.

The normal number of leucocytes in the blood, however, is sel-
dom reached until convalescence has become fully established. 1In
Cases 2, 4, and iO (Group II), this deley in reaching the normal may
be accounted for by the fact that, in these three cases, bronchial
catarrh persisted for a few days after the crisis had occcurred, but,
in none of the other cases, was this explanation svallable. 1In Case
9 (Group II), however, there was a thrombosis of one of the smaller
veins of the left leg, and this possibiy accounts for the irregular
‘leucocytosis maintained after the crisis.

Regarding the question as to the presence of a constant ante-
critical rise, exception must be made of those cases in which the
i1lness terminated fatally, though, even in these, there is evidence
to show that leucocytes are thrown into the blood at this period in
abnormally large numbers; in fact, in greater numbers than at any
other period of the illness except that which immediately precedes
death. |

As already stated, the Jeucocytosis is mainly a polymorpho-
nuclear one, but in the non-fatal cases there is also to a limited
extent a leucocytosis due tb an increase in the large mono-nuclear
.cells, which becomes more pronounced in the majority of cases after
the ¢risis, and is perceptible during the first few days of convales-
cence, until the normasl proportions of the different leucocytes has

been restored.

From the point of tview of dlegnosls the leucocytosis of typhus
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fever is of some Importance, inasmuch as it affords a basis for dif-
ferentiating between this disease and enteric fever, in which there
is no leucocytosis, but rather a diminution in the number of leuco-
cytes.

It has been shown in the earlier part of this thesis that leuco-
cytosis is present in typhus fever, even at the beginning, and cer-
tainly aIWays after the appearance of the'rash, so that & doubtful
case giving a distinct leucocytosis cannot be regarded as enteric
fever, unless this latter be complicated by the presence of some in-
flammatory condition.

This is of interest in view of the fact that, in typhus fever,
a positive widal reaction is sometimes obtairned, but this point will
be dealt with more in detail in the Appendix.

In enteric fever there is a steady and progressive decrease in
the number of red blood corpuscles, becoming more and more marked as
the disease advences, whilst in typhus fever it has been shown that
the exact opposite occurs, namely, that there is rather an increase
in the number of red cells as the disease progresses towards the
crisis. Again, in enteric fever, there is glways, in the absence of
inflanmatory complications, & sub-normal number of leucocytes, which
is most marked after the first week of fever. In typhus, on the
other hand, there is always a certain degree of leucocytosis, which
generally becomes more marked after the first week of pyrexia.

in these particulars, there is such absclute and complete dif-
ference that the one disease should never be mistaken for the other
although there is some‘apparent similarity in the mannér in which

the large mono-nuclear and eosinophile cells bshave.
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| While the diagnostic significance of the condition of the blood
in typhus fevef has been shown to be of importance in differentiating
between that disease and enteric fever, the same cannot be said re-
garding its significance in pneumonis and bubonic plzgue. Of the
more common diseases pneumonia is perhaps the one most likely to be
confused with-typhus fever, for the onset and course of the pyrexia
are so similar in both, that in the absence of rash on the one hand,
and of physical signs in the lungs on the other, confusion is not
unlikely to take place.

In distinguishing between these two diseases, the blood unfor-
tunately offers but little help. In pneumonis "the red cells are
either normel or slightly diminished during the active stages of the
fever, but polycythemis mey occur" (Da Costaz), so that little diag-
nostic value should be attached to a consideration of the number of
these corpuscles, seeing that in typhus fever they are either normal
or somewhat incressed during the active stages of the disease. The
leucocytes, too, offer no help in diagnosis, as in the great majori-
ty of cases of pneumonia "a well-marked leucocytosis develops at or
soon after the time of the initiél chill, and persists until shortly
after the tempereture has fallen to normal" (Da Costa).

The same phenomenon occurs in typhus fever, so that differen-
tiation befween the two diseases by examination of the blood is al-
most impossible.

The leucocytosis in both is of the polymorpho-nuclear type.

In cases of pneumonis terminating by crisils, the leucocytes be-
gin to diminish either a short time before or after the temperature
commences toc decline, the normal being reached in a proportion of

the cases about a week after the temperature has dropped. This 1s
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exactly what occurs in typhus fé§er, but, whereas it is stated that
in about half of all cases of pneumonia, whether ending by'crisis or
by lysis, the meximum of leucocytes is attained during the period of
temperature decline, in typhus it is not so, the maximum in this
disease being attained almost invarlebly before the decline of tem-
perature commences.

Attention has already been called to the similarity in the be-
haviour of the eosihophiles in pneumonis and typhus fever. In pneu-
monia the proportion of eosinophiles 1s much reduced, and frequently
these cells are entirely wanting. This is regerded as an unfavour-
able sign by Becker (Deut. Med. Woch., 1800, Vol. 26), who states
that he has always found them absent in fatal cases.

These remarks apply with equal force to typhus fever, in which
a fatal prognosis seems to be warranted 1f the eosinophiles are ab-
sent throughout the attack.

Influenza is énother disease likely to be confused with typhus
on aéccunt of the similarity of the earlier symptoms. Here, on the
other hand, an examination of the blood forms a ready means of ex-
cluding typhus, in view of the fact that influenza is one of the
small group of febrile diseases in which leucocytosis is absent.

With regard to bubonic plegue, although this disease 1s seldom
likely to be mistaken for typhus because of its rarity in this coun-
try, it is interesting to find that the blood conditions are very '
similar, and afford little or no assistance in framing a diagnosis.

In plague the red blood corpuscles are always decidedlj above
the normsl, a count as high as 8,190,000 having been obtained in one

case. The same thing occurs in typhus fever, & red blood count be-
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low the normal being the exception.

The leucbcytes too 1n both diseases are markedly incfeased, and
in both 1t is a polymorpho-nuclear leucocytosis.

It is stated that in plague the eosinophiles are absent, as in
typhus, but no mention is made as to whether they are absent in all
cases, or as in typhus, in fatal cases only.

In many respects, therefore, the blood of the two diseases pre-
sents similar characteristics, and an examination of that fluid
alone would give little or no help in arriving at e diagnosis.

-As regards prognosis little can be said concerning the geﬁeral
leucocytosis of typhus fever, but one or two points are brought out
by differentiation of the cells, which may assist in forecasting the
result of g case.

The fact that In fatal cases no eosinophile corpuscles are
found has been already alluded to, and would seem t0 indicate that
we may look for a févourable termination in any case in which these
corpuscles are present throughout, especially if present in some
numbers and before the crisis. If no corpuscles of the eosinophlle
type are found, it does not necessarily mean that the issue of the
case will be fatal, but such & case must be looked upon as grave,
and a certain amount of reserve maintalned as regards prognosis.

In non-fatal cases there is an increase in the number of the large
mono-huclear forms of leucocytes, so that thils also may be taken as
an indication of a favourable issue, but merely as an indication,
seeing that these leucocytes come more into evidence during the
first few days of conv#lsscence.

The degree of leucocytosis in general appears to have little or

no prognostic value.
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TYPEUS BLOOD

The specific gravity of the blood is considered to be of impor-
tance, as the‘density of this fluid is said to afford a measure of
the number of red blood corpuscles prssent, and of their hemoglobin
equivalent.

In the last few years two methods of determining the specific
gravity have come into use which require only a small quantity of
meterial, and do not appear to be too complicated for practical pur-
poses. One of these mefhods, which has been worked out by R.
Schmaltz, depends upon the accurats welghing of small guantities of
blood in capillary tubes. The second methbd is that of Hammerschlag.
Tn this a mixture of chloroform and benzol 1s so arranged that, when
a drop of blood is thrown Into it, it floats indifferently in any
part of the fluid, which is contained in a moderately deep and nar-
row vessel. Under these circumstances the specific gravity of the
blood must be the same as that of the fluid in which 1t floats.
Great accuracy can hardly be expected from this method, as errors
may arise from changes in the blood drop during and after 1ts trans-
for to the mixture, from evaporation, from the escape 0of gases, from
the inclosure or adherence of minute air bubbles, and perhaps also

from the possible action of chloroform and benzine upon the blood,
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an action which is at present unknown. Practically, in carrying out
the test, it is found that the behaviour of the drop varies for
reasons which are not clear, some rising and others falling in the
same mixture. Hammerschlag's method was that employed in the follow-
ing cases, but, instead of using a hydrometer, the mixture in which
the blood drop remained stationary was accurately weighed in a spec-
ific gravity bottle, in order to eliminate errors arising from the
use of an instrument in a fluid, the surface tension of which is en-
tirely different from that for which thé instrument 1s graduated.

The estimation of the amount of hemoglobin in the blood of cer-
tain general diseases is alsc of considerable importance, especially
in connection with the various anemias. Various methods of estima-
tion are employed, but that which seems to find most favour in this
country is the colorimetric one, that is, the method by which a drop
of blood is mixed with a certain fluid and compared with a standard
colour index. This method necessitates careful and delicate manipu-
lation, and is only relstively correct as colour and transparency
are both modified by dilution.

Another procedure which has gained some favour is to calculate
the amount of hemoglobin from the specific gravity. The specific
gravity 1s taken according to Hammerschlag's method, and the amount
of hemoglobin calculated from a table drawh up by him. This method,
however, is somewhat crude, and is only useful in cases where absol-
ute accuracy is not important. 1In order to obtain complete accuracy,
an instrument has been devised by Dr. Albert Henccque of Paris. It
is called the "Hematoscbpe", and is used in conJunction with the

spectroscope. It consists of two glass slides of unequal size, the
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smaller of which is superimposed 6n the other in such a fashion that
while they are in contact at one extremity, they provide a prismatic
capillary space at the other. The position of the slides is assured
by means of two clasps supported by the lower slide, and within
these the upper slide is introduced. A graduated scale is engraved
on the lower glass slide running from 0 to 60 millimetres. It thus
hapbens that, when a drop of blood 1s introduced betwsen the two
slides, a layer of blood is formed by capillarity, of which the
thickness varies from left to right. The tint of the blood also
varies according to the thickness of the layer, and the amount of
hemoglobin present; the point on the scale at which the two absorp-
tion bands characteristic of oxyhemoglobin become of equal intensity
in the spectrum is noted, and the reading compared with a table
which is provided with the instrument. Thus a reading of 13 milli-
metres is equivalent to 154 of hemoglobin in the blood, 14 ﬁilli—
metres to 14%, 15 millimetres to 13% etc.

Each instrument is verified béfore belng issued, so that ac-
curacy is guaranteed, and with a little practice the operation be-
comes very easy.

The last method was the one employed in determining the amount
of hemoglobin in the blood of the following cases, and as the enum-
eration of the red blood corpuscles is of importance in this connec-
tion, these cells were counted at the same time as the hemoglobin |
was estimated.

In order to give a clear 1dea of the results of the investiga-
tion, these have been graphically deplcted on the accompanying
charts, and also set forth in tabulated figures.

Pour cases in all were investigated, and a very short clinical
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history of thesse will suffice to demonstrate their nature.

CASE I. The first case was that of George P., aet. 52, who was
admitted to hospital on 7th April 1904, his ninth day of illness.
His temperatures was 102.4° P., pulse rate 102, and respirations 44
per minute. A profuse and typical typhus rash was present. On the
fourteenth day of 1llness the tempefature became normal, and con-
valescence began.

. The enumeration of the red blood corpuscles and the estimation
of the specific gravity and hemoglobin was begun on the day after
admiésion, and continued daily theresafter at the same hour until
convalescence was fully established.

The results are given in the following table and shown on the

accompanying chart.
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Percentage
Date Day of Temperature F. Red Cells of Specific
Apl. Illness M E ' Hemoglobin Gravity
8 10 100.4 100.6 6,100,000 15 1049
10 12 99 .4 102.6 5,300,000 15 1045
11 13 99.2 100.4 5,700,000 15 1046
12 14 99.8 99.8 5,450,000 14 1048
13 15 98 99.2 5,900,000 14 1049
14 16 7.8 98.8 6,000,000 14 1048.5
15 17 98.4 98 5,650,000 14 1049.5
17 19 98 98.4 5,150,000 14 1049.5
24 26 98 97.8 5,000,000 13 1045
May : .
2§ 50 98 98 4,840,000 12.5 1040

U g M O e I e

CASE II. The second case was that of John McM., aet. 10, who
was admitted to hospital on 28th June 1904, his fifth day pf ill-
t
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ness. The temperature was 105.40 F., pulse rate 120, and respira-
tions 40 per minuts. A typic#l typhus rash in the early stage was
present. The attack was a very sharp one, and the crisis, which oc-
curred on the fourteenth and fifteenth days of illness, was followed
by a slight irregular pyrexla for a few days.

The estimation of the hemoglobin and specific gravity, and the
enumeration of the red blood corpuscles were commenced on the ninth
day of illness, and continued thereafter every second day during the
acute stage of the diseass.

The results are given below in a table, and on the accompanying

chart: -
S : : Percentage
Date Day of Temperature F. Red Cells of Specific
July Illness M BE Hemoglobin  Gravity
2 9 104 104.8 5,576,000 16 1049
3 10 103.6 102.4 6,130,000 15.5 1044
4 11 . 102.2 102.2 4,600,000 15.5 1044
5 12 101.8 102 5,090,000 . 15.5 1043
6 13 101.2 102.2 :
7 14 101.2 103 4,690,000 14.5 1040
8 15 98 .8 100.8
9 16 98.4 100.2 5,041,000 16 1046
10 17 98.4 100
11 18 98.4 99 4,640,000 14 1044

-ws—m«—.---———_-—n‘-.-_--—-m---—_nz——-s-—mn——---—_g_n_n-——__——n-—-m-—-————-n

CASE IIT. The third case was that of Maggie McM., aet. 8, who
was admitted on 2nd July 1904, that being her fifth day of 111né$s.
Her temperature was 104.2° F., pulse rate 112, and resplirations 32
per minute. A typical typhus rash was present, and the disease fol—

lowed a natural course, the temperature becoming normal on the six-
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teenth day of illness. |
In this case the amount of hemoglobin, with the specific gravi-
ty, was estimated, and the red blood corpuscles counted every sedond
day during the acute stage of the fever; the results are given below

in tabular form, and graphically shown on the accompanying chart :-
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...... .......... Percentage .

Date Day of Temperature P. Red Cells of Specific
July Illness M E Hemoglobin Gravity
2 5 104.2 5,750,000 15.5 1047
3 6 103 104 5,360,000 . 16 1048

4 7 103 104 o

5 8 103.6 103.8 4,810,000 16 1043
6 9 103.4 104

7 10 103 103.2 5,450,000 16 1043
8 11 101..8 103 ’ «
9 12 102.8 103 5,780,000 16 1041
10 - 13 102.2 103.4

11 14 99.6 101 5,230,000 14 1038
12 15 100 100 - :
13 16 98.2 98.8 5,000,000 14 1040
14 17 98 97.6
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| CASE IV. The last cass was that of ﬁose C., aet. 5, who was
admitted to hospital on 4th July 1904, her ninth day of illness.
IThe temperature was 103.6° P., pulse rate 120, and respirations 36
per minute. On the fou}teenth day of illness the temperature had
become normal, and convalescence thereafter was uninterrupted,

The red blood corpuscles werse snumerated, and the hemoglobin

and specific gravity estimated every second day during the acute
stage of the fever, and the results are shown in the accompanying

chart and table:-
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o C S S B Percentage
Date Day of Temperature P. Red Cells of Specific
July Illness M E Hemoglobin Gravity
4 9 103.6 4,280,000 15.5 1041
5 10 100.8 102.2 4,830,000 14 1046 -
6 11 102.2 103.4 :
7 12 102.2 102.8 4,980,000 15.5 1041
8 13 99 .4 100.2
9 14 98 .4 98.8 5,090,000 16 1045
10 15 98 98 .4 5,880,000 14 1046
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A consideration of the foregoing tables and charts shows that
the hemoglobin percentage is high throughout the whole of the acute
stage of typhus fever, and that the amount of hemoglobin corresponds
to a limited degree, with the number of red blood corpuscles present.

If the standard hemoglobin value be fixed at 14-15% of the
whole blood, then it will be seen that in Case III the hemoglobin
was 1n excess during the greater part of the acute stage of the
fever, and that in Cases II and IV, an excess also was recorded on
various occasions. The highest value obtained in any case was 16%,
and the lowest 12.5%, whilst the average for the four cases is ap-
proximately 14.7%, or practically normal.

As far as can be judged from the cases here recorded there is
little or no relation between the temperature and the amount of hemo-
globin. After the occurrehce of the crisis, the amount of hemoglobin
gradually diminishes, and becomes normal, or as in Case I, somewhat
under normal when convalescence 1s thoroughly established.

The specific gravity of the blood in typhus, as will be seen

from a consideration of the tables and charts, is considerably lower
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than that which is given for nobmal blood. This seems strange, con-
sidering that the red corpuscles and hemoglobin are higher than nor-
mal. If the various sources of error, already méntioned, be taken
into consideration, there still remains a considerable difference,
and the only manner in which this can be accounted for is by a very
great diminution in the salts of the plasma. This explanation 1is
difficult of verification, and 1is merely suggested as being the most
probable.

ETIOLOGY

The specific cause'of typhus fever is still unknown, so that it
may be of some interést to compare this diseaée with others which re-
semb%aﬂ;t as regards leucocytosis, in order to arrive, if possible,
at somé conclusion with respect to what kind of orgahism may be ex-
pected to be the most probable cause of the dlsease. This object
has been the aim of many researches, and many observers have des-
cribed what, in thelr opinion, was the true organism of typhus fever,
but, up to the present time, none of them have gained complete recog-
nition.

The two diseases which resemble typhus fever most closely in
their leucocytosis are pneumonia and acute rheumatic fever. A com-
parison has already been drawn between the leucocytosis of typhus
#nd that of pneumonia, so that 1t is only necessary to recall the
similarity in almost every respect of the blood of these two dis-

eases. As to acute rheumatic fever there is also a great resemblance
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in the blood as regards leucocytes to that of typhus. The leucocy-
tosis in rheumatic fever as in typhus is a polymorpho-nuclear one,
and 1s always found during the acute stage of the disease, whilst in
favourable cases eosinophile corpuscles are found during the acute
stage, and are always present in greater numbers during convales-
cence.

Here, then, are two disesses, the leucocytosis of which re-
semble that of typhus fever, and one of which - pneumonia - bears a
marked resemblance to that disease in meny other respects, which are
each caused by a certain specific micro-organism; in the case of
pneumonia this micro-organism is & well-known diplococcus (Fraenkels),
and in the case of rheumatic fever a diplococcus (Triboulets) is also
descrited. Arguing from these facts, is there not a strong presump-
tion that the specific organism of typhus fever - granting that there
is one - may also be of the nature of a diplococcus?

Some observers, notably Balfour and Porter (Edih. Med. Journ.,
1899, Vol. VI), have described a diplococcus in the blood of patients
suffering from typhus fever, but their observations are open to much
doubt, and the organiswu described by them is, in gll probability, the
substance known as hemoconila: this point has already been alluded to
in the chapter on hemoconia, and therefore need not be discussed
again.

A paper of interaét bearing upon the etiology of typhus fever
was recently published by Dr. Emil Gotschlich entitled "Uber prot-
0zoén Befunde (Apiosoma) im Blute von Flecktyphus-Kranken" in the
Deutsche Medicinische Wochenschrift, 7th May 1903 (No. 19). 1In this
paper the author describes a parasite which he claims to be that of

typhus fever, and which he says is identical with Apiosoma. He des-
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cribes the parasite thus, "The parasite appears in the interior of
the red blood corpuscles (endoglobular form), and also free in the
blood stream (two forms, cysts and flagellated bodies). The stain-
ing of the endoglobular form is well shown by diluted borax methylene
blue. In order to stain the extraglobular form, use undiluted Ziehls
Carbol Fuchsin for & few minutes, and then wash with water.

l. ZEndoglobular form - This form is chiefly pear-shaped, and
varies in size from 1 u. to half the diameter of a red blood cor-
puscle; often oﬁly one pear-shaped body is found in a red corpuscle,
seldom are twb met with. Sometimes ameboid parasites with short
thick processes are met with. Finally there are rod forms in which
the chromatin shows a bi-polar arrangement: the border of the para-
site is smooth and regular, end is generally more deeply stained
than the interior. The interior, when stained with simple borax
methylene blue, shows little round granules which stain deeply.

When stained by Romanowsky's method, these granules abpear red in
the blue body of the parasite. In the pear-shaped forms there is at
times a distinet grouping of the chromatin at both ends. In the
youngest round forms the chromatin often shows the appearance of an
open ring at the side. The whole parasite is at times surrounded by
a distinct unstained ring. In the living unstained condition the
parasite shows quite distinct active motility. In the little rod
forms one has the impréssiOn of & little bacillus diving and rising
in the interior of the blood corpuscle. The larger pear-shaped
forms push agelnst the wﬁll of the red corpuscle, and bulge it out
so as to alter its shape considerably. At times the completely in-

fected blood corpuscle is in active tremulous movement without chang-
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ing position - in marked contrast to the motionless normael ones in
the neighbourhood.

In the fresh blood I have not seen the bodies which Dr. Got-
schlich describes, but in film preparations stained in the mﬁnner he
advises, I have observed bodies which are similar to those he men-
tions, although I have never been able to note the amount of detail
which he states can be made out. These bodies which he descrites,
and which he calls the parasite, appear to be merely portions of the
red blood corpuscles which have undergone degenerative changes, and
which are often seen, not only in the blood of typhus, but in that
of other infectious diseases, as variola etc. It is very striking
that Dr. Gotschlich's descrippion of his parasite corresponds exsct-
ly in many details with the description of endoglobuler degeneration
of the red blood corpuscles described in "Da Costa", which I shall
quote shortly in order to show the similarity. "Loss of colour by
the erythrocytes which progresses hand in hand with dlterations in
their size and shape, aﬁd other structural changes 1s regarded as a

degenerative process of purely endoglobular nature. The discoloura-

tion may commence in one or more spots, or it may equally involve
the whole surface of the corpuscle, beginning at its centre and

spreading progressively towards its periphery. Clear hyaline areas

of oval, round, or elongated shape appear within the stromsa, in some
instances sharply contfasting with the relatively dark colour of the
hemoglobin, but, in other instances, imperceptibly blending with the
tint of the surrounding cell body. The active motility of these de-

colourized spots must be carefully distingulshed from the ameboid

movements of thé young malarisl parasite." Then again, "Fragmenta-
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tion of the delicate rim of colouring matter may occur, in event of

which & number of independent rod-like bits of stroms are found.

The decolourized area is not always symmetrical, so that frequently
various bizarre designs may be observed. It has been determined
that, in the dried blocd film, these areas of decolouration show a

decided affinity for basic stains such as methylene blue and thionin!

From the above description it will be seen that in corpuscular
degeneration forms similar to those described by Dr. Gotschlich are
often observed, that these forms are best shown by the stain which
he employs (methylene blue), and that the motility upon which he
lays stress is merely the usual phenomenon manifested by degenerated
corpuscular elements.

Dr. Gotschlich states that his parasite is a form of Apiosoms.
Now it is well known that Aplosoma and similar parasites occur only
in these diseases in which there 1s great destruction of the red
blood corpuscles. In texas fever, for example, the destruction is
enormous; the number of red blood corpuscles has been known to sink
from the normel (8,000,000 to 9,000,000 per ¢.mm.) to 31,000 on the
second day. This destruction, too, is evidenced by marked hemo-
globinurie.

In typhus fever, however, there is no such evidence of destruc-
tion of the red blood corpuscles; there is no blocod in the urine,
and i1t has already beeﬁ shown that the red cells are not only not
diminished, but rather increased in number in the peripheral circula-
tion. ' This seems to be élmost conclusive evidence against Dr.
Gotschlich's parasite being that of typhus fever.

In consideration of these facts, the etiology of typhus fever
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must still be held to be incompletély known, and, though the resem-
blance in the leucocytosis of that disease with other diplococcal
diseases, as those mentioned, 1s suggestive, 1t may be that there is

nothing more than a coincidence in the similarity.
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Section of Bone Marrow from Casa No. V showing ordinary
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ON THE CHANGES IN THE BLOOD-FORMING ORGANS

IN TYPHUS FEVER

The importance of the leucocytes in diseased conditions has
been clearly established by exhaustive investigation on the behav-
iour of these cells, both with regard to their power of intra-cellu-
lar digestion or phagocytosis, and their power of producing and emit-
ting certeln bactericidal substances, exercising antagonistic influ-
ence upon pathogenic organisms. The behaviour of these cells in ab-
normal conditions gives some indication as to their functions in the
economy of the organism in which they are present, but, in order to
arrive at any definite conclusion concerning the laws which govern
their production, it is necessary to compare and contrast the changes
which occur in the tissues responsible for leucocyte production with
those occurring in the white cells present in the blood.

It 1s well known theat biood cell multiplication occurs in cer-
tain definite tissues which have some special relation to the blood
and lymph streams, and that apart from these special situations
leucocyté or other blood cell proliferation is comparstively rare.

Until comparatively recent years the spleen and lymphatic glands
were regarded as the only organs concernsed in the manufacture of
blood corpuscles. Then came the discovery that red blood corpuscles
were produced in the bone marrow, snd later it was fully established

by the researches of Ehrlich and others that the bone marrow was also
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concerned in, and had as one of its principal functions, the produc-
tion and multiplication of leucocytes. This tissue, therefore, is
regarded as the principal manufactory of the polymorpho-nuclear cor-
puscles of the blood, and as its vascular errangements are admirably
adapted to the passage of large numbers of these cells into the blood
stream in a short time, it is alsc regarded as the tissue meinly con-
cerned in the production of leucocytosis. Ehrlich has always in-
sisted on this, and his results have been abundantly verified by
other observers. Because of this function of leucocyte production,
Ehrlich regards the bone marrow as "a protective organ", evidently
referring to the number of cells produced by it, and not to any
speclal function of these cells as phagocytes: indeed, phagocytosis
appoears to be merely a secondary and subsidiary function of the mar-
row. In this respect it is quite unlike the spleen of which phago-
cytosis appears to be one of the main fuhctions.

Bone marrow is thus principally a manufacturing-or formative
tissue, end the cells which it produces, &nd throws into the circula-
tion, consist of red blood corpuscles and granular leucocytes.

Lymphoid or glandular tissue is another of the formative tis-
sues, the corpuscles which are manufactured there being called
lymphocytes. Thils tissue 1s represented by the various lymphatiec
glands throughout the body, by the Malpighian bodies of the spleen,
etc. The vascular arréngéments of lymphoid tissue are different
from those of the bone marrow, although, like the marrow, this is
essentiglly a formative tissue. There are no wide capillary spaces
into which the cells can be rapidly poured, but the glandular tissue

is surrounded by sinuses and lymph spacés, so that 1t would appear
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that the lymphocytes do not reach the blood directly but by some cir-
cuitous route.

In the spleen the pulp is in close relastion to the circulating
blood, and this organ, like the lymphoid gland, appears to be pecul-
larly adapted for the detention of abnormesl substances. The mono-
nuclear cells of the lymphatic glands and of the spleen are very
similar, and possess msrked phagocytic properties towards both red
and white corpuscles.

Although 1t has not been proved conclusively that polymorpho-
nuclear leucocyte formation takes place normally in the spleen or
lymph tissﬁe, i1t has been shown that proliferation does occur under
cértain pathological conditions, the result of some definite local
irritation or disturbance, as for example in bubonic rlague.

Bearing in mind the above facts with regard to the importance
of the different blood-forming organs in the production of leucocy-
tosis, portions of each of these orgens were taken poét mortem, and
it is now proposed to detail the results of the examination of these
specimens.

The tissues from six cases were examined. From five of these,
samples of bone marrow were taken, from three, samples of the in-
guinal glands, and in every case the tissue of the spleen was inves-
tigated.  PFilm preparations of bone marrow were made, and portions of
the marrow expressed ffom the rib were hardened in a fixing solution
composed of formaline and alcohol, and used for section cutting. The
films were allowed to dry in the air, and thereafter were fixed by
heat. PFilm preparations were also made from the spleen, and for sec-

tion cutting portions of that organ and of lymphatic glands were
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preserved in absolute alcochol.

For section cuttihg the specimens were fixed as above described,
embedded and cut in paraffin. For the examination of the marrow,
that from the rib was selected in every case, and although the struc-
tural relations are necessarily altered by the pressure to which it
is subjected in order to express it from the bone, the relative pro-
portion of its cells remains undisturbed.

The sections proved in every way more satisfactory than the
film preparations. Various stains were employed, the principal ones
being Ehrlich's triacid stain, Romanowsky's stain, and Unna's Poly-
chrome Methylene Blue with tammic acid fuchsin. With the last two
steins the details of the nucleus were better seen, but Ehrlich's

stain gave good general results.

CASE I. The first case is that of the child, Matilda A. (Case
No. 3), who died on her nineteenth day of illness.

’Specimens of spleen and lymphatic gland only of this case were
kept. The spleen was enlarged and hyperemic, but of fairly firm
consistence. The Malpighlan bodies were prominent. Microscopic
examination showed much cellular hyperplasie both in the pulp and in
the Malpighian bodies. These cells were mainly of the small mono-
nuclear variety with deeply staining nuclei, associated with a cer-
tain proportion of endothelisl cells. The number of red corpuscles
was greatly diminished.

One of the most striking features was the extent of the phago-
eytic action as judged by the large number of cells within which

were present broken down or fragmented leucocytes, and debased red
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corpuscles. Around the sinuses'the phagocytes were larger, and there
the process of phagocytosis, especially of the red cells, was more
marked than elsewhere. The inclusion of fragmented leucocytes was
most marked in the cells of the pulp. Polymorpho-nuclear leucocytéé
were present in comparatively small numbers only, and most of them
showed signs of disintegration. Giant cells were exceedingly rare,
and many sections were examined before any of these were discovered,
and although careful search was made for myelocytes, none were ob-
served. ©No bacteris were present, and mitosis was not observed in
any of the splenic cells.

The lymphatic glands throughout the body were not enlarged.

Microscopic examination failed to reveal anything strikingly
abnormal, slthough a certain degree of hyperplesia existed. The
cells were mainly lymphocytes. Other cells which were larger and
centained & nucleus of considerable size and abundant protoplesm were
present. These largef cells are, in all probability, of endotheliel
crigin as they were distinctly more numerous in the neighbourhood of
the lymph spaces. v

No polymorpho-nuclear leucocytes were observed, and no evidence
of phagocytosis was detected. No bacteris, eosinophile corpuscles,

nor cellular debris were found.

CASE II. The next case is that of Thersesa A (Case No. 4), a
child aged 3 years, who died on her fourteenth day of illness.
Sections of bone marrow, spleen, and lymphatic gland were ex-

amined. The marrow was of a ‘dark pink colour, and of soft consis-

tence.
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Microscopic examination of film preparations and of sections
gave practically thé same results. In the'latter the capiliary
spaces were regular, and well formed. There was very marked cellu-
lar hyperplasis, and fat cells ﬁere very scarce. Polymorpho-nuclear'
cells were rarely noticed, but many transitional forms in vafious
stages were seen. A few nucleated red blood corpuscles, and an oc-
casional eosinophilic myelocyte were observed. Giant cells were
present in relatively small numbers, but they were of such a strik-
ing character that they could not be overlooked. These cells were
very large, with hyaline protoplasm and irregular convoluted nuclei,
which stained very deeply, and were sometimes broken up or degener-
ated. Mitotic figures were only very occasionally observed. Phago-
cytosis within the myelocytes was not infrequent, the included cells
being mainly red blood corpuscles.

Lastly, special attention must be drawn to the presence in the
marrow of this case of & lzrge number of diplococci. They were main-
ly extracellular, but occasionally they were observed in the inter-
ior of the phagocytes. These organisms probably gained access to
the marrow immediately before or just after death. This was the
only case of those observed in which organisms were detected in the
bone marrow.

The spleen was enlarged and hyperemic, but of fairly firm con-
sistence; The malpighian bodies were not markedly prominent. The
sections showed an abnormelly large number of cellular elements, but
the most striking feature was the extent of the phagocytosis taking
place. All through the section phagocytes were seen full of red
blood corpuscles, and, in some instances, fragmented white cells

also were included. Nucleated red corpuscles were rare, and poly-
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morpho-nuclear cells were few in number, although many of the sinuses
and spaces in the pulp were full of blood. An occasional edsinOphile
corpuscle was seen. Myelocytes were absent. Giant cells were ob-
served full of red blood corpuscles, but their occurrence was very
rare. A careful search failed to discover any evidence of mitosis
in any of the cells throughout the sections. Scattered throughout
tﬁe sections there were many groups of large diplococci, but nowhere
were these observed within the cells.

The lymphatic glands throughout the body were not enlarged.
Microscopic examination showed a certain amount of cellular hyper-
plasie, the predominating cells being lymphocytes. There were also
present many larger cells, oval or elliptical in shape, and probably
endothelial irn character, as they were present in lsrger numbers
around the sinuses and at the margins of the sections. These cells
evidently perform the runction of phagocytes, for, in the section,

a few were observed with two or three smsll lymphocytes included in
their protoplasm. Each of these ingested cells had a clear digestive
zone surrounding them. No polymorpho-nuclear leucocytes, nucleated

red cells, eosinophiles, nor micro-organisms were observed.

CASE III. The third case is that of Mrs. S. (Case No. 6) who
died on her fifteenth day of i1llness.

The bone marrow and spleen from this case were examined. The
marrow was reddish pink in colour, and of soft consistence. The
films made from this marrow were unsatisfactory. Examination of sec-
tions showed that the capillary spaces were well formed and regular,

that fat cells were scarce, whilst there was much cellular hyper-
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plasia. Polymorpho-nuclear cells were scarce, but many transitional
forms were observed; Careful search discovered mitosis goihg on here
and there in some of the cells, but it did not occur very frequently.

An occasional eosinophilic myelocyte, and smsll numbers of
phagocytes containing red blood corpuscles were observed. The number
of glant cells was the most striking feature; they were present in
relatively large numbers, and all possessed & large and highly con-
voluted nucleus which stained very deeply. The nucleus in some cases
was broken up, probably undergoing degenerative or disintegrative
changes, and apparently none of these cells were acting as phagocytes.
No micro-crganisms were observed.

The spleen was much enlarged, and of a dark purple colour. It
was of very soft consistence and easily torn, and there was no marked
prominence of the malpighien bodies. Microscopic examination showed
a very marked celluler hyperplasisa.

The most striking feature, however, and one which attracted im-
mediate attention was the extent of the phagocytic action observed.
The phagocytes were very numerous, and contained chiefly red blood
corpuscles, though other cells, apparently lymphocytes, were includ-
ed. Polymorpho-nuclear cells were few in number, and nucleated red
blood corpuscles only occasionally observed, whilst eosinophiles
and giasnt cells were not noted at all. The sinuses and vessels were
filled with blood to a greater extent than in the previous cases.
None of the cells were observed to be undergoing division, although

careful search was instituted for mitotic figures. There were no

micro-organisms.
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CASE IV. The fourth case is that of Nellie §. (Case Né. 9),
who died on her twenty-first day of illness. It is of importance to
note that this is the patient who had gangrene of the lung as a com-
plication of her fever.

The bone marrow and spleen from this case were examined. The
marrow was of & darkish red colour, and of fairly firm consistence.
Exsmination of film preparations and of sections showed that a cer-
tain amount of cellular hyperplasia was present, but it was not so
marked as in the specimens of marrow taken from other cases. Poly-
morpho-nuclear corpuscles were rare, but many transitional cells
were pfesent. Eosinophilic myelocytes were relatively common, and
more frequent than in any of the other cases noted. Nucleated red
corpuscles were also more frequent, and giasnt cells were relatively
cammon, whilst the number of fat cells present showed that these
were much less reduced in number than in the former cases. In strik-
ing contrast to some of the cases already detailed, no phagocytosis
whatever was observed, and blood was more plentiful in the vessels
and sinuses. Pew examples of mitotic figures were observed, and no
micro-organisms were noted.

The spleen was enlarged and hyperemic, but of firm consistence.
The malpighian bodies were somewhatl prominent. The section showed
much cellular hyperplasia of the usual type. Phagocytosis was
actively going on, both leucocytes and red blood corpuscles being in-
gested. Polymorpho-nuclear cells wers frequently observed, a con-
trast being thus drawn between this spleen and those already des-
cribed, in all of which polymorpho-nuclear corpuscles wers scarce.

Another feature of this section was the number of giant cells:
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these were present in relativel& lérger numbers than in any of the
other spleens examined, and in some instances they were acting as
phagocytes. Nucleated red cells were comparatively rare, and care-
ful search had to be made before any eosinophile corpuscles were dis-
coversd. Blood was plentiful in the vessels and pulp spaces. As in
the other cases, mitosls was looked for, but in none of the cells
was there any evidence of this phenomenon. No micro-organisms were

observed.

CASE V. Mrs. E. (Case No. 11), died on her twelfth day of 1l1l-
ness. This was one of the most malignant cases of the series, and
the post mortem appearances were very striking.

The spléen and bone marrow were examined. The latter when ex-
pressed from the rib was of a dark red colour, and of very soft con-
sistence, so that it broke up into small pleces when dropped into
the fixing solution. Sufficiently large pieces,‘howéver, were Ob-
tained for section cutting.

Microscopic examination showed great cellular hyperplasia, and
a scarcity of fat cells. Polymorpho-nuclear corpuscles were also
scarce, but thére were many transitional forms in various stages.
Giant cells were present, and at once attracted attention, not so
much by their numbers, as by thelr great size and highly convoluted
nuclei. The nuclei stained very deeply, and, in some instances,
were broken up and evidently undergoing disintegrative changes. A
fow eosinophilic myelocytes werse observed. These occurred with

about the same frequency as the glant cells.
A certain amount of phagocytosls was taking place, the ingested
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coells being principally red blood corpuscles. Blood was plentiful,
but nucleated red corpuscles were very scarce. Mitotic figures were
not abundant, and there wers no micro-organisms.

The spleen was much enlarged, of a dark red, almost purplish
colour, and exceedingly soft; indeed it was so diffluent that the
pulp oozed out in a semi-fluid condition when the capsuie was div-
ided.

Examination of the sections showed an abnormally large number
of small mono-nuclear cells. Blood was plentiful, but nucleated red
corpuscles were not observed with any frequency. Polymorpho-nuclear
corpuscles were scarce, whilst no giant cells and no eosinophile
corpuscles were noted.

The most striking feature was the large number of phagocytes.
These cells were more frequent around the sinuses, but they were
active throughout the whole section, their contents being mainly red
blood corpuscles. Occasionally mitotic figures were observed in
colls which resembled phagocytes, but when division was thus taking
place, the phagocytic function was apparently suspended. No micro-

organisms were detected.

CASE VI. The sixth and last case is that of Thomas B. (Case
No. 17), who died on his tenth day of illness. This was another
very malignant case, and death occurred withain 24 hours after admis-
sion to hospital. The spleen, bone marrowv, and lymphatic gland were
examined. |

The bone marrow was of a dark pink colour, and of normal con-

sistence. The appearances under the microscope were very striking.
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The large nﬁmber of gilant cells at once attracted attentlon; these
cells were in relativeiy greatsr numbers in this marrow than in any
of the others previously examined . Besides this, many of them werse
acting as phagocytes, and contained red blood corpuscles. Others
again had their deeply stained nuclear matter broken up as if under-
going degenerative changes.

\ Another striking character was the large number of phagocytes
present. Phagocytosis had been observed in the marrow cells of the
other cases examined, but, in this case, it was much more in evi-
dence, the red cells mainly being taken up by the phagocytes. There
were few fat cells, and polymorpho-nuclear corpuscles were scarce,
but many transitional forms in various stages were present. Blood
was plentiful, but few nuclesated red corpuscles were noted. Occa-
sionally an eosinophilic myelocyte was observed. Many of the ordin-
ary marrow cells showed marked nuclear degeneration. Mitotic figures
were not observed with any great frequency.

The spleen was much enlarged, and hyperemic. Its pulp was very
diffluent, and the malpighian bodies ware somewhat prominent. Exam-
ination of sections showed the presence of an abnormally large num-
ber of cells. There were a few polymorpho-nuclear corpuscles, and
an occasional sosinophile, whilst at least one giant cell was ob-
served containing many red blood cells.

The most striking feature, however, was the extent{ of phago-
cytic action. The inclusions consisted chiefly of red blood cor-
puscles, and in many instances of leucocytes and other degenerated
cells. Blood was plentiful in the sinuses and spaces, but nucleated

red corpuscles were very infrequent. Mitosis was not observed in
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any of the cells of the spleen, and no micro-organisms were detected.

None of the lymphatic glands throughout'the body were énlarged.
Microscopic examination of sections showed that there was a certain
amount of cellular hyperplasia especially as regards the lymphocytes.
There were, however, many larger non-granular cells of a rounded,
oval, or elliptical shape, with largé nuclei and abundant protoplasm.
These are the cells mentioned in the other cases as being most prob-
ably of endothelial origin, as they wers in greater numbers at the
margins of the sections and around the lymph spaces and sinuses. In
one or two instances these endothellal cells were acting as phago-
cytss, but none contained red blood corpuscles. Polymorpho-nuclear
colls were obssrved, but they were in relatively small numbers. No
eosinophile corpuscles were noted, and although careful search was
made for mitotic figures, none of these were observed. The vessels
throughout the section were full of blood. Thers were no micro-

orgahlisms observed.

The details of the examination of the principal blood-forming
organs in the foregoing cases furnish some data from which the chief
facts may be elicited and general conclusions drawn.

A study of the marrow in typhus fever 1is of great interest on
account of the relatively rapid course of that diseass, and becausse,
in view of that fact, it may be assumed that the condition before
the onset of the disease 1s a comparatively healthy omne.

gix cases in all were examined; four of these died before or at
the crisis, and two (Cases 1 and 4) after that phenomenon had oc-

curred. The ages of the patients varied from 13 to 56 years.
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Section of Bone Marrow from Case No. VI showing Giant Cells

with large, convoluted, and deeply stained nuclei.
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In all the cases examined there was a marked change. The ordin-
ary marrow cells were very much increased in numbers, and there was
a proportionately marked decrease in the number of fst cells. The
diminution of fat indeed was so extreme that in some instances only
a few solitary cells were observed throughout the section. Poly-
morpho-nuclear cells were present in every case, but they were usual-
ly very scarce. Eosinophile corpuscles do not disappear altogether
from the bone marrow as they do from the blood of fatal cases. As
a rule they are very scarce, only one or two it may be, occurring in
a section. 1In one case, however (Case IV), these cells were rela-
tively common; this was the patient who died a few days after her
crisls from gangrene of the lung, so that it may be inferred that in
this case the pulmonary complication, and not the typhus polson, was
the factor mainly concerned in the presence of eosinophiles in the
marrow. The eosinophile corpuscles ars in all caseslmononuclear,
that is to say, they belong to the class of eosinophilic myelocytes.
In no instance were these corpuscles observed to be undergoing divi-
sion. @iant cells were present in all the marrows examined. They
are of large size, and immediastely attract attention. Their nuclel,
as a rule, are convoluted and stain very deeply, thus indicating
great condensation of the chromatin. The shape of the nucleus is
very irregular, and in some instances it is broken up into separate
pieces, or there may be se#eral large fragments joined together by a
thin filamentous strand. These cells are very much commoner in the
more malignant cases, and in one case notably (Case VI) they were
acting the part of phagocytes, and apparently digesting red blood

corpuscles. Whether the fragmentation of the nucleus mentioned
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above is an indication of division, or merely the result of degenera-
tion of the cell is not very clesar, but the latter is the more prob-
able.

There was a falrly large amount of blood present in some cases,
but it was mostly confined to the vascular channels. Nucleated red
corpuscles were usually observed, but were never more numerous than
normal; indesed they were apparently diminished. This diminution may
be merely relative, however, and is accounted for by the great in-
crease in the other cellular elements of the marrow. Phagocytosis
was observed in two cases only (V and VI): these patients suffered
from a malignant type of the disease, and although the rhenomenon
was present, it was not markedly active.

A great contrast may thus be drawn between the bone marrow and
the spleen, where the phenomenon of phagocytosis 1s so marked and
outstanding, that 1t immediately attracts attention. The cells oc-
cupied with this process in the marrow were large non-granular myelo-
cytes, and in Case VI, some of the giant cells also were involved.

The occurrence of mitosis which is so characteristic of bone
marrow in general, and which has been proved by Mulr to be frequent
in various infective conditions, was not observed with any great
frequency in the typhus marrow. There were, however, many transi-
tional cells in all stages of transformation from the mono-nuclear
to the polymorpho-nuclear corpuscle.

The meutrophile reaction" (this term is used by Muir to indicate
an increase in the proportion of neutrophile myelocytes) in typhus
is apparently not connected with the age of the patient, but has
evidently some very definite relation to the severity of the toxemia.

In the two most malignant cases (Cases V and VI), the neutrophile



119
reaction was much more marked than in the others, the cellular hyper-
plasia beilng very striking, and fat cells almost completely absent.
On the other hand there was less cellular hyperplasia in the marrow
of the younger patients, in whom the disease did not &ssume such a
malignant character, although it proved equally fatal to all.

A parallel may now be drawn between the condition of the blood
and that of the marrow. It is impossible, of course, to say what is
the condition of the marrow during life in typhus fever, but the
post mortem appearances give an indication as to what is taking
place. It has been shown that there is a polymorpho-nuclear leuco-
cytosis, and that these cells are relatively scarce in the marrow
after death. The explanation given for.this phenomenon, which has
been observed in other diseases - pneumonis etc. - is that these
cells apparently leave the marrow before death (Muir, Trans. Path.
soc. Lond., Vol. 53, part IITI, 1902). This explanation throws some
light upon another phenomenon to which attention has been frequently
directed in the section on leucocytosis, namely, the ante-mortem
rise in the number of leucocytes. It would thus appear that the
rise in the number of leucocytes in the peripheral circulation im-
mediately before death, 1s principally due to the depletion of the
bone marrow at that time of most of its polymorpho-nuclear cells.

It follows naturally that the number of these cells thrown into the
blood depends on the nﬁmber stored up in the marrow, or on excep-
tional formative activity on the part of that tissue. It is prob-

able, however, that theée cells are not at any time stored up in the

marrow, but are simply thrown “into the circulation as they are pro-
y

duced, and that their production depends largely upon the severity
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of the toxemia. The theory of chemiotaxis is naturally involved in
this view, but it is now universally admitted that chemiotactic in-
fluence plays an important part in the migration and emigration of
cells.

The condition of the marrow conforms to that of the blood in
other important points, notably the presence of myelocytes and nu-
cleated red corpuscles in the circulation.

Mulr has shown that, in certain diseases, and more especially
smallpox, where myelocytes and nucleaped red corpuscles are compara-
tively numerous in the blood, their number is greatly diminished in
the marrow; or, in other words, the neutrophile reasction is less
marked. It will be remembered that myelocytes were very infrequent
in the blood of the typhus patients, so much so that they were dis-
counted altcgether in the percentage calculation, end that nucleated
red corpuscles were rare. The natural conclusion, therefore, is
that the marrow in typhus fever ought to contain larger numbers of
these cells. As regards myelocytes, this is exactly what obtains,
for it has been shown that the neutrophile reaction of the marrow is
very well marked in all the cases detalled. The nucleated red cor-
puscles, however, cannot be said to be lncreased in the bone marrow;
this may be explained in the same way as the paucity of polymorpho-
nuclear cells in the marrow was accounted for, that is by assuming
that the red blood corpuscies are thrown into the circulation as
soon as they are manufactured in the marrow. This assumption is sup-
ported by the presence of lerger numbers of red corpuscles than
normal in the peripheral circulation during life, a phenomenon which

has been already remarked upon in the section upon leucocytosis.



DESCRIPTION OF PLATE V

Fig. 1. Section of Lymphatic Gland from Case No. II; show-

ing normal condition of gland.
Fig. 2.' Section of Spleen showing hyperplasia of cells,

and absence of mitotic figures.
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With regard to eosinophile corpuscles in the marrow and blood,

the observations in typhus fever throw no light upon their origin,
although Ehrlich states that these cells are formed in the bone mar-
row. He states also that substances ‘which chemiotactically attract
the polymorpho-nuclear ¢cells are repellent to eosinophiles. This
latter statement coincides with Whaf is found in typhus fever, for
it will be remembered that no eosinophiles were observed in the blood
of the fatal cases of typhus, and that these corpuscles are present
in very small numbers in the marrow. 1t may, therefore, be argued
that the chemiotactic substance which attracts the polymorpho-nu -
clear cells from the marrow into the blood stream causes the eosino—
philes to disappear from the circulation. As to the nature of the
chemiotactic substance, it is probably the toxic'substance’produced
by the specific cause of the disease,whatever_that may be. |

. Another point to be noted is that there was no evidence of divi-
sion of the eosinophiieS‘in the marrow, or of their_transition from

the mono-nuclear to. the polymorpho-nuclesar form.

The changes in the spleen contrast markedly’withpthose in the
bone marrow. In all the cases exemined the spleen was much enlarged,
and usually deeply engorged and diffluent. The colour, of. course,
mainly depends upon the relative amount of red blood corpuscles pres-
ent, but the swelling is chiefly due to cellular hyperplasia and to
the accumulation of debris in the shape of degenerated blood cor-
puscles, as there is evidence of the destruction of both neutrophile
leucocytes and red blood corpuscles in this sitﬁatioq.

In eQery case there was a marked cellular hyperplasia, the -

cells contributing to this being mainly of the small mono-nuclear
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class. Polymorpho-nuclear corpﬁscles were scarce in most of the
cases examined, but in one case (Case IV) they were observed with
relative frequency; this was the patient in whom gangrene of the
lung developed as a complication.

Eosinophiles were also very scarce, and in the mejority of the
cases were not observed at all; they were not present in greater
numbers in the spleen of Case IV then in the others.

Glant cells were observed in all the cases examined, with one
exception (Case III). These ceils were readily seen on account of
their size and their deeply stained convoluted nucleus. As a rule,
they were present in very small numbers, but in Case IV they were
observed in greater numbers and were acting the part of phagocytes,
as many as half a dozen red blood corpuscles being included in one
cell.

No myelocytes were observed.

Blood was presenﬁ in large amount, especially in the slnuses and
spaces, but nucleated red corpuscles were not observed with any fre-
quency.

Phagocytosis was the most striking characteristic of the splenic
cells, and was observed going on throughout the whole spleen. The
red cells principally ére taken up in the immediate neighbourhood of
the sinuses, whilst the leucocytes are mostly absorbed in the pulp
proper. ‘The phenomenon of mitosis was not frequently observed in
the spleen: indeed, it was noted in only two of the cases examined,
and was confined to the hyaline leucocytes. Bacteria were present

in the spleen of one case only, viz., Case II.
from a consideration of these facts it will be noted that the

changes in the spleen fz211 naturally into two main groups, viz.,
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l. destructive processes, and 2.vproliferative changes. With regard
to the former the characteristic feature of the splenic cells is
their phagocytic activity. The cells concerned in this process are
non-granular, and as stated before, composed partly of mono-nuclear
leuéocytes and partly of endothelial cells. Many degeneratéd cells
are observed scattered throughout the pulp without any relation to
the phagocytes, but it may be that these undergo extra-cellular di-
gestion, & phenomenon which has been observed in all its stages by
Muir, who states that not only leucocytes but also red blood cor-
puscles undergo extra-cellular disintegration in the spleen.

The removel of bacteria from the blood and their destruction by
the cells of the spleen is another evidence of the phagocytic func-
tion of that organ, but its principal action appears to be corpuscu-
lar destruction. The spleen is thus shown to play an important part
as a scavenger, by means of its phagocytic elements which remove the
damaged and useless blood cells from the circulation.

Proliferative changes in the spleen are very rare, and only on
one or two occasions were mitotic figures observed. These were con-
fined to the hyaline leucocytes, and were never seen in any of the
endothelisl phagocytes. Another proliferative change, however, has

been described, and importance attached to it by various observers.

This is the formation of & distinct zone of cells around the mal-

pighian bodies so that these become apparently enlarged. The cells

forming this zone are of larger size than those forming the mal-

pighian body proper and undergo active multiplication, as evidenced

by the occurrence of mitotic figures. According to variocus French

observers these cellsAmultiply and acquire neutrophile granules
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under the influence of stimuli from toxines, thus forming myelocytes
which pass into the pulp and become polymorpho-nuclear leucocytes.
Muir, however, disputes this statement, and, whilst agreeing with
the French observers that there is a special proliferative layer of
larger eells around thebmalpighian body, advances the suggestion
that these cells pass into the pulp and there act as phagocytes, the
process corresponding with what is seen in the lymph sinuses of lym-
phatic glands.

Careful search was made at the periphery of the malpighian
bodies in the typhus spleens, but satisfactory evidence of the
speclal zone alluded to was not found. There were certainly a few
cells which were a little larger than the more central ones, but
they did not form a distinctive zone, and there was no evidence of
mitosis occurring in them. It is stated that the condition indica-
ted 1s purely a pathological one, there being only very slight evi-
dence of such a zone in the normal spleen. The spleen in typhus
fever may, therefore, be one of the exceptions, as it may be pre-
sumed that the speclel proliferative zone around the malpighian
bodies is not present in all infective conditions. 1In this connec-
tion it may be mentioned that no myelocytes which could be recog-
nised as such were observed in the typhus spleens.

The presence of myelocytes in the spleen in infective condi-
tions is considered of some .importance, end evidently bears some re-
lation to their presence in the peripheral circulation. Mulr states
that "in experimental infectioms, whenever they are present in the
blood, they occur in proportionately greater numbers in the spleen,

the appearance being as if this organ endeavoured to remove them

from the blood." He also says that "observations on the human
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spleen show that the occurrence of these cells in small numbers is
comparatively common in infective conditions," and that "their pres-
ence, both in the blood and in the spleen, is usually associated
with that of nucleated red corpuscles."

In view of the above statements, it would herdly be expected
that myelocytes would be found even in small numbers in the spleen
of typhus patients, for it has been already pointed out that these
cells and also nucleated red corpuscles are very infrequently found
in the peripheral circulstion.

Nucleated red corpuscles too were not observed in the spleen in
great numbers, so that the negative conditions of the typhus spleen,
as regards myelocytes, correspond with the positive conditions of

the spleen in other infections.

It is now generally admitted that the lymphatic glands of the
body contribute certein elements to the blood which ére known as
lymphocytes, and that these corpuscles are thrown into the circuls-
tion in larger numbers than usual, under the influence of local
stimulation. Apart from local stimulation, little is known except
what has been gathered from clinical experlence, as to the function
of the lymphatic glands in the formation of the corpuscular elements
of the blood. Fhrlich, however, considers the evidence thus obtain-
ed as sufficient to eétablish the theory that the lymphocytes of the
blood are manufactured in the lymphatic glands and lymphatic tissue
generally of ;he body. He holds also that lymphocytosis is produced

by an increased flow of lymph through a more or less extended area

of lymphatic tissue, so that, in consequence of the increased flow,
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more elements are washed out of the lymph glands. The lymphatic
glands are thus important factors in the production of leucoccytes,
and their examination along with the other blood-forming tissues is
important. |

In the present series only three cases were examined as to the
glandular condition, but the results of these three examinations
agree in all importent particulars. The lymphatic glands of the
groin were chosen as representative of the general lymphatic system.

There was no enlargement of any of the glands of the lymphatic
system in the cases investigated; as there is no local infection,
this might be expected except for a consideration of the fact that
in infections due to other causes enlargement sometimes occurs. Al-
though there was no evident enlargement, microscopic examination
showed that, in all cases, there was a certain amount of cellular
hyperplasia of the medulls, but that otherwise the tissue was appar-
ently normel. The cells which were increesed in numbers were mainly
the ordinary lymph corpuscles. Other cells, oval or rounded, with
large nuclei, and probably endothelial in origin were noted; these
at times acted the part of phagocytes, ingesting both red corpuscles
- and lymphdcytes. The process of phagocytosis, however, was uncommon,

Polymorpho-nuclear corpuscles which appear in large numbers in
other infections (plague etc.) were observed only very occaslonally
in typhus, as if thelr presence were merely accidental. Eosinophile

corpuscles are normally present in the lymphatic glands of some of

the lower animals, and in certain abnormal conditions in the human

subject, notably smallpox, they occur in comparatively large numbers.

Some observers too are inclined to believe that the lymphatic gland,
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and not the bone marrow,is the source of the eosinophile corpuscle,
stating that they have observed them in the gland before theirqap—
bearance in the marrow.

In the lymphatic glands of the typrhus cases, no corpuscles of
the eosinophile type were present, nor was there any evidence that
might lend support to the theory of the lymphatic gland as the
éource of these cells.

It will thus be seen that the results of a study of the lym-
phatic glends in typhus fever are mostly negative, and throw but
little light on the specizl leucocytosis of that disease.

The changes in the blood-forming organs in typhus fever may be
now briefly summarised in the following statements:-

1. The bone marrow 1s the seat of a well-marked neutrophile

reaction, and is

2. The chief manufactory of the polymorpho-nuclear neutrophile
corpuscles

3. The spleen acts as & scavenger, 1its mein function being
' that of phagocytosis

4. The lymphatic glands are practically normal.
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APPENDIZX

It is now well kmown that the agglutination reaction which re-
sults from the dontact of Sefum from a pérson suffering from an at-
tack of typhoid fever, with a young culture of the typhoid bacillus,
may result from the contact of sera taken from persons suffering
from diseases other than typhoid, and the question naturally pre-
sents itself whether a similar agglutinative power is possessed by
the serum of a person suffering from typhus fever. The observations
to be submitted were instituted with the object of throwing some
light on this point. '

The serum employed was obtained from blisters produced by the
action of blistering tissue, and the epidermis previous to the re-
moval of the serum by Pasteur pipettes was carefully sterilised.
When not used immediately the plpettes were sealed at both ends, and
preserved for future use. The observetions on agglutination were
carried out on the hanging drop, and in each experiment three de-
grees of dilution were employed, viz., 1 in 10, 1 in 20, and 1 in 60.

Experiments were carried out with serum taken from 55 cases of
typhus. In fifteen the observations were taken immediately éfter
the collection of the serum, but in the others the age of the serum

varied considerably, being in some cases at least six months old, a
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fact which may account for want'of uniformity in result, as there
seems little doubt that serum loses, to some extent at least, its
agglutinative properties when kept for too long a time.

The appended teble gives details of the observations made upon
serum taken at different stages of the illness.

A complete reaction i1s indicated by the positive sign x |,
whilst the negative sign ——1indicates that no reaction has taken
place. Partial or incomplete reactions are indicated by the sign

x p. (partial).

The casesbexamined were all undoubtedly typhus, and in six the
disease ended fatally. We will first consider the reaction of serum
taken from patients after the crisis.

In the fifteen cases where the serum was examined within a few
hours after withdrawal from the blister, a positive reaction was ob-
tained in eleven within & two hours' time limit, with a dilution of
l in 10, and in eight of these the reaction was compiete in forty
minutes. With a 1 in 20 dilution complete agglutination was ob-
served in two of these fifteen cases within two hours, whilst in the
others a few clumps only - partial agglutination - were observed.

In no case was there a complete positive reaction with a 1 in 60
dilution in the space of 24 hours.

In the remaining 39 cases,the serum from which was uged after a
period varying mostly ﬁb to six months, and in & few instances up to
eighteen months, no eagglutination was observed with a 1 in GQ dilu-
tion in twelve hours, whilst in twenty-four hours there was no ap-

pearance of clumplng whatever with higher dilutions.

Serum taken during the acute phase of the disease was not found
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so active as that taken after thélcrisis: in no case was a complete
positive reaction obtained even after twelve hours' contact with the
strongest dilution (1 in 10).

From the point of view of a differential diagnosis between
typhus and enteric fever, the agglutination test appesrs to be of
some value, inasmuch as in typhus fever it is only with very low
dilutions (1 in 10) that any striking positive result is obtained
within a reasonable time.

Bearing in mind that serum may manifest agglutinating proper-
ties when taken from a patient many years after he has passed through
an attack of typhoid fever, it might be objected that the patients
above referred to, whose serum gave a positive reaction, might have
passed through an attack of this disease within a comparatively re-
cent date, but careful enquiry made it possible to completely ex-
clude this source of error, and the reactions, so far as they go,
may be regarded as entirely dependent upon the action of the uncon-

taminated typhus serum.

In about a dozen cases the bacillus coli communis was substitu-
ted for that of typhoid fever. The results were very similar, that
is to say, with a 1 in 10 dilution complete agglutination occurred
within two hours, whilst with higher dilutions - 1 in 20, and 1 in
60 - a very much longer time was necessary for even a partial ag-

glutination to occur.
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TABLE OF  AGGLUTINATIONS

- w - - . -

---—-———-——_-————————--——-_—-——_-_—-—---——w—_-—_-—_--———‘--—————--——

.No. - .Day of .Dilution. Time Dilution Time = Dilution Time
IXllness 1l in 10 Mins. 1l in 20 Hrs. 1l in 60 Hrs.

ST YU TR VL SN Ge I R W Th TR SE IS i it S0 TR TS W e MO W M e OB MR N A D R e T M M P R G R e N e D %S SR P R M M W M e SR e uE W Y WP P Y e we e W

1 19 x 40 x 2 —_ 24
2 21 x 40 x 2 —
Hrs. L
3 16 x + X p. 3% —
4 21 x 3} xp. 24 —
5 17 x ¥  xp. 24 —
6 24 x 3 —_ 24 —
7 38 x 2 X p. 12—
8 26 x 2 — 24 —_—
9 16 x 2 x p. 2 —
10 15 x 24 — =
11 35 X p. 12 —_— — |
12 12 X p. 24 —_ —
13 55 X p. 9 — —_
14 4 X p. 2 —_ -—
15 14 x 8 — —
16 9 X p. 9 ‘7"" -
17 10 x p. 9 - —
18 16 X p. 12 — - —
19 15 X p. 12 — —
20 16 X p. 12— '—-'f
21 15 X p. 12 — | —

N
N
(]
(3]
]
»
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TABLE OF AGGLUTINATIONS Contd.

o T T o o o T e ™ e ™ o o s " o = - = T T S e e W R ME Mt R e e . M T o= N W Am e o . . = = = e

No. Day of Dilution = Time Dilution = Time - Dilution Time
Illness 1l in 10 Hrs. l in 20 Hrs. 1l in 60 Hrs.

T T "0 TN T 25 " % =2 = 0 f= % T T T e A T e M e e T R e 4% S R W Em e e S M em M Em e R We 4B e e W8 e = Am e wn

23 28 X p. 24 —_ 24 - 24
24 29 X p. 24 —_ —
25 37 X p. 24 — —
26 31 x 24 — —
27 19 X p. 24 — -_—
28 35 X p. 12 —_ —
29 15 — . —
30 3 — —_— —
31 6 —_ — | —
32 30 — e -
33 14 —_ | — _
34 26 — - =
35 48 — — —
36 29 — | — ' —
37 36 — — | —
38 12 — — —
39 43 — — | —
40 16 — — 3 —
41 35 — 24 — —
a2 15 — — —
43 18 — — —
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TABLE OF AGGLUTINATIONS Contd.

---—’-——--—_—-———--—-——-a——-——-_---—-—-———---—-----———-———--—-——---——

No.. Day - of . Dilution Time . Dilution = Time - Dilution Time
Illness 1l in 10 Hrs. 1lin 20 Hrs. l in 60 Hrs.

.._-._...--—-—-——----—-._——-——_-—-———_---———--—_---—---—-‘--——-——---——_-——-—

45 13 —_— 24 —_ 24 —_— 24
45 16 —_— | —_— —_
47 14 _— — ——
48 9 — — —
49 10 X Pp. ———— —
50 8 X p. — —
51 9 X p. _— —
52 9 X p. _— —
53 13 X x 2 —_—
. ' . Mins. i - .
54 6 x 40 ‘ ‘ L e—
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